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Cytopathic Changes in Tissue Cultures Derived from 
a Pig Infected with Hog Cholera 


D. P. GUSTAFSON, D.V.M., Ph.D., and C. M. POMERAT, Ph.D. 


Lafayette. Indiana, and (ialveston, T ras 


THERE has been renewed interest in cyto 
pathogenic effects of viruses in tissue cul 
genera 


ind exhibitir 


foe) of infeeted cell 


ture following the report by Enders eft al 
that degenerative changes accompanied the 


propagation of poliomyelitis virus in ex 
if wg cholera irus in 


emphasize the attention accorded this Maitland-type eultur 
subject ites one of the available literature 
Lynn and Morgan‘ interpreted cytopathoge ny comment on eytopathogenic effect 
it to be visible cellular changes, gross or n ro virus on the eultured cells 
scopic, such as distortion and pyknosis of ue This work deals with observations of the 
nucleus, inereased granularity of cytoplasm, irreg apparent effects of hog cholera virus on 


ularity of cell shape, and cellular disintegra tissue cultures from the natural host which 


which oeeur as a result of viral roliferation . . 

‘ had become sick following inoculation with 
however, their review does not include igent ) 
the virus and whose tissues were the source 


ducing only inelusion bodies and no other visibl 


change. The viruses are grouped as those having of the virus 
marked, moderate, or no cytopathogeni« activity 
In the review by Enders,’ eytopathogenicit is ND METHOD 
considered to be ** the capacit induce ire minte nig \ 
inv demonstrable departure from the norma tained from farm ir College Sta 
either in the morphological or functional proper xus was estimated that swine | 
ties of cells * and three types of activit are peer ) the farm for 20 years without ar 
suggested although two or more types might ap j ven vaceinated against hog cholera 
peur successively within the same cell population qu ese were likely to b susceptib 
Changes due to the presence of viru ire desig “ s were placed | in each of three 
nated as a those causing only legeneration, cages with separate feeding and watering 
rounding or assumption of irregu ties I we the vere 
bizarre outlines, granulation of eytoplasm irly with a virulent strain of 
of the cell, nuelea swelling, pyknosis Morning temperatures wer 


‘ 


ragmentation of n ir chromatin, ee¢ ‘ hi the sixth postinoculation da 
nd disintegration { 0 i mn igs an the uninoculated 
re removed for 

Department ers y ence “urdue examination 
Prima 


of the folk es from both 


favette Ir 
Branel 
No. 923 ‘ um, hird ventricle, co 
iitura xperiment on ‘ liver, thyn art. pituitar 
supported ind spleen addition, eulty 
ontract Ne Nonr-1598(01 the choroid plexus of the in 
The authors gratefull ackno dye he rtes planted tissues ere ¢ 
School of Veterinary Medicine 
College and especially of Dr } Led me during Virus obtained 


ar phases of these studi operative 


tion 
t ! with ¢ 
ane eult 
or 
re 
1 of the ino te 
one vere lestrove 
culture ind rout ‘ 
made of each pig 
I 
‘ pig ‘ ‘ 
pig. J 
l¢ 
165 
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square. Three of these explants were mounted in approximately eight rotations per hour in an in 
“a chicken plasma and chicken embryo extract elot cubator at approximately 37 C. Hydrogen ion eon 
on each 12 by 50-mm. glass cover slip and two centrations were approximated by color compari 
cover slips were placed back to back in a 16 by sons Of tubes containing tissue cultures with La 
150-mm, pyrex eulture tube and stoppered with Motte phenol red standards, At various intervals, 
cotton, These were then allowed to remain undis cultures of each tissue were fixed and stained in 
turbed at room temperature for about three hours the technique suggested by Jacobson 

Ten tubes were prepared for each tissue, the six Phase microscopy was utilized to permit both 
explants per tube making 60 of each tissue avail still photographie and time-lapse cinematographic 


able for observation Two milliliters of a nu recordings of salient condition 


trient medium consisting of OU per cent human 

iscitie fluid, 45 per cent Gey's solution containing Resuirs 
mg. per cent phenol red, 5 per eent chicken 
embryo extract, and 1,000 units of penicillin per Phe temperature recorded ible 1 in 
dicate the susceptibility of the pigs to hog 


milliliter were added to each tube The tubes 
ere then placed in a roller drum revolving at cholera virus and the course of the disease 


Fig. 1 and 2——Outgrowth from 
spleen culture from uninoculated 
pig. These spindle cells arranged 
in columns may be endothelium 
in the process of fibroblasti 
transformation, x 291.5 


Fig. 3—Outgrowth from spleen 

culture from inoculated pig. 

These endothelial cells show in 

creased granularity of cyto 
plasm, x 291.5. 
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until six days postinoculation. Necropsy 


of the 2 pigs revealed further evidence of 
the presence of disease in the inoculated 


pig as compared to the uninoculated pig 
The inoculated pig showed diffuse 
hemorrhages of the spleen, punctate sub 
serous hemorrhages of the kidneys, similar 
hemorrhages in the bladder, peripheral 
hemorrhages of the mandibular, mediasti 
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nal, mesenteric, prefemoral, and popliteal 
lymph nodes, and infarets of the lings 
Also there was inflammation of the gastro 
intestinal tract. The uninoculated pig was 
apparently normal 
Differences in pH (table 2 
and not of use in distinguishing cultures 
from the inoculated pig from those of the 
Reeords were not made 


were slight 


uninoculated one 


Fig. 4—Spleen culture endothelium from uninoculated pig. 


x 2310 


Fig. 5—Spleen culture endothelium from inoculated pig showing marked granularity, vacuoli 


zation, and irregularity of cell margins. 


In cinematographi 
irregularity of cell margins might appear to be bubbling like a boiling heavy liquid 


records, the vacuolization and 
x 2310 


. 
4 
» . > 
— 
5™ 


Fig. 6—Spleen culture outgrowth from uninoculated pig at the base of an endothelial spike 
x 1955. 
Fig. 7—Spleen culture outgrowth from an area comparable to that in figure 6 showing marked 
granularity, vacuolization, and irregularity of cell margins. 
vacuolization and irregularity of cell margins might appear to be bubbling like a boiling 
heavy liquid. x 2279. 


In cinematographic records, the 
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Fig. 8—Epithelial cells of lung culture outgrowth from uninoculated pig. x 493. 


Fig. 9—Epithelial cells of lung culture outgrowth from inoculated pig showing diminished 
cytoplasm and dead or dying cells. x 493. 
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of cultures of cerebellum, wall of the third 
ventricle, corpus callosum, pituitary, and 
marrow they appeared so 
similar in color. Further readings did not 


bone because 


TABLE 1—Temperatures of Pigs on Days Follow- 
ing Inoculation of 2 with Hog Cholera Virus 


Virus in 


ninoculated 


seem useful as the general similarity be 
tween those to be compared prevailed until 
the tissues were all fixed at 21 days post 
culture 

With the use of phase MUICrOSCODPY, differ 
ences between the spleen culture from the 
uninoculated pig and that of the inoculated 
pig were seen readily at three days post 
The cells which were studied were 
such 


culture 
spindle cells arranged in configura 
These cells 
projected from the explanted tissue in the 
The differences 


tion as to suggest endothelium 


form of a spike or strand 
were manifested in the cytoplasm as shown 
in figures 1 to 7, There was markedly more 
granularity and vacuolization in the cul 
tures from the inoculated pig. The margins 
of the endothelial the outgrowth 
were somewhat rough and irregular as a 
result of the increased granularity 
vacuolization in the cultures from the in 
oculated pig as contrasted with the smooth 


cells in 
and 
appearance of comparable areas in the cul 


pig 


cinematographic ree 


tures from the uninoculated 

Phase time-lapse 
ords of similar spleen cultures taken on the 
day posteulture markedly 
lvmphoeytes moving over the out 
growth in the control culture than in the 
culture from the inoculated pig. The gran 
ularity of the cultures from the inoculated 
pig was the 
and seemed to be partially due to shorten 
ing and thickening of mitochondria which 


sixth showed 


more 


increased in motion pictures 


appear as opaque granules as their termi 


nations bob in and out of the plane of 
focus 
Photographic 
taken at five days posteulture revealed a 
striking difference cultures 


from the inoeulated pig and the uninoenu 


records of lung cultures 


between the 


anp (. M 
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lated pig as shown in figures 8 to 13. The 
inoculated pig cultures showed a reduced 
amount of cytoplasm, reduced nuclear size, 
increased vacuolization, and death of some 
cells as compared to similar cells in cul 
tures from the uninoculated pig 

Phase time-lapse cinematographic rec 
ords of similar cultures taken on the sixth 
and nineteenth days showed no discernible 
difference between the cultures from the 
inoculated and uninoculated pigs with the 
exception that one field of lung epithelium 
at the day 
ment; this field 
the inoculated pig 

No. differences 
the fixed and the stained preparations of 
the cultures from all tissues. Fixation and 
distortions of 
the 


plasm homogenous and the nucleoli to be 


nineteenth showed no move 


was in the culture from 


were apparent between 


staining caused such cyto 


plasmic elements as to render cyto 


come fragmented or wizened 


Evidence has been show 
that 
lungs of pigs six days following inocula 


show patho 


presented to 


tissue cultures from the spleen and 


tion with hog cholera virus 
logical changes which appear to be associ 
ated with the presence of the virus in those 
TISSUES 

Although observations of the 
light 


impression 


tissue cul 
conditions under 
that 


generally 


tures in ordinary 


low power gave the those 
the 
luxuriant in 


the change in indicator color 


from uninoculated pig were 


more amount of outgrowth, 
WAS SO slight 
that metabolic inhibition by virus through 
this means was not detectable 

The culture spindle 


cells and lung epithelial cells observed un 


changes in spleen 


der phase microscopy were not readily dis 


TABLE 2—Hydrogen Ion Concentration of Tissue 
Cultures as Determined by Color Comparisons of 
Phenol Red Containing Cultures with LaMotte 
Phenol Red Standards at Three Days Postculture 


1956 
Inoculated p 
hols smnior 
Da pig blood fluid 
101.5 103.5 ) 
101.4 104.2 104 
105.2 
102.0 105.4 6 
102.2 106.4 ar 
i ‘ iltured ‘ Ka 
I 7.4% if 1 6 
1 


Fig. 10 and 11—Epithelial cells of lung culture outgrowth from uninoculated pig. x 2279. 
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Fig. 12 and 13—Cells of epithelial outgrowth of living culture from inoculated pig seen in 
figure 9. x 2279. 
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cernible under ordinary light conditions 
through the wall of the culture tubes. De 
spite the apparent damage to the cells ( fig 
3, 5, and 7) daily observations of the cul 
tures gave rise to the conclusion that cul 
ture development and longevity 
materially affected by the presence of the 
virus. All the cultured 
subjected to as detailed 
was desired; therefore, it seems likely that 
other cultured 
well show promise on the type of examina 


were not 
TISSUES were not 
observations as 
tissues among those might 
tion which aroused interest in spleen and 
lung cultures 

The the 
spleen eultures supported the observations 
The 


observation of 


cinematographic records ot 


made motion 
pictures 
might well be a 
ticeable 
namely, the lack of wandering lymphocytes 


with still photography 
permitted what 
critical 
under conditions of still 


difference not no 
pictures 


in the cultures from the inoeulated 
compared with the uninoculated pig. This 
with the dis 
ease in intact animals and may be of some 
the development of the 
changes in lymphatie tissue 

The culture 
technique rendered the cytoplasm homoge 
nous and the nucleoli small and often frag 


pig as 


is In aceord observations of 


significance 


Jacobson whole staining 


mented; consequently, the staining prepa 


rations were useless for observations of 
cytopathology in the cytoplasm 

The results of these studies may be use 
ful in the search for a laboratory means 
of detecting the of hog 


Virus 


presence chol ra 


SUMMARY 


Comparisons have been made between 
tissue cultures of ten tissues involving 600 
explants prepared from a pig six days fol 
lowing inoculation witl 
and of similar cultures from a susceptible 
litter The 


were 


hog cholera virus 


mate following observations 


made 


HANGES 


IN Tissue Ct 


1) Significant changes were observed in 
endothelial cells of spleen cultures from 
inoculated pigs. There was increased gran 


larity and vacuolization of the cytoplasm 


2) Time-lapse phase cinematographic 


records showed markedly fewer lympho 
cytes to be present in the cultures of spleen 
from the inoculated pig 

4) In epithelial cells of lung 
from the inoculated pig there 
death of cells, reduced cytoplasm with in 


creased vacuolization 


eultures 
was some 
nuclear 
cinematographic records of 


and reduced 
howe ver, 
comparable cultures did not bear out thes 
observations 

$4) Hydrogen ion concentrations as esti 
indicator 
little difference 
imoculated 


mated by comparisons revealed 


between cultures from the 


pig and the uninoculated pig 


up to 21 days 
9) The virus presumed to be present in 


the tissues at the time of culture appar 
ently had only a relatively mild inhibiting 
effect on the 


of the cultures 


growth characteristic 
the pig 


6) Fixation and staining techniques sug 


ross 

from moculated 
vested by Jacobson caused such alterations 
of the cytoplasmic elements and nueleol 
that these 


further study of cytopathogenic 


preparations were useless for 
effects ol 
the virus of hog cholera 
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Some Pathological Effects of Anterior Pituitary 
Growth Hormone Preparations on Swine 


L. P. DOYLE, D.V.M., Ph.D.; E. J. TURMAN, Ph.D.; F. N. ANDREWS, Ph.D. 


Lafayette, Indiana 


THe of the growth 
with the anterior pituitary gland has been 
known for at least half a century. In man, 
overgrowth of the skeleton in the adult 
and extreme skeletal devel 
opment in (gigantism) were 
known to accompany hypertrophy of the 
anterior hypophysis, and certain types of 
dwarfism were associated with 
pituitary activity. Following the develop 
ment of satisfactory hypo 
physectomy and methods for the purifica 
tion of the growth hormone, rapid progress 
was made both with to the nature 
of the growth process and the role of the 
growth hormone in growth and other meta 


ABBOCTATION Processes 


(acromegaly 


adolescence 


decreased 


techniques of 


respect 


bolie functions. 


Li and Evans” isolated a protein from bovine 


single substanes 


potent 


pituitaries which behaved as a 


electrophoretieally and had growth-pro 


moting properties without evidence of adrenocor 


ticotropie, thyrotropic, gonadotropie, or lnetogenic 


effects. Fishman ef al.” and Wilhelmi ef al.” de 
veloped methods for the preparation of erystalline 


growth hormone preparations which were eleetro 


phoretically and ultracentrifugally homogenous 


but which had minute amounts of adrenocortico 


gonadotropic, and lactogenic 


their 


thyrotropie, 
The 
greatly exceeded that of 


tropic, 


activity. yield obtained by methods 


Li and Evans 
Because of the unusual if not unique pattern of 
growth in swine, the initiation of marked fat de 
position at the expense of muscular development 
by 5 or 6 months of age, it was decided to study 
the effects of the growth hormone in this species 
Turman and Andrews, 
different 
a slightly but not 


treated 


As reported elsewhere, by 
pigs 
hormone preparations gained at 
The 
sumed significantly less feed per day and required 
than did 
boned 


injected daily with three growth 


significantly faster rate. pigs con 


significantly less feed per unit of gain 
noninjected pigs. Chemical analyses of the 


carcass revealed significantly more protein and 


moisture and less fat in the hormone-injeeted pigs 
There was a significant increase in blood glucose, 
blood 


and a slight decrease in blood nonprotein nitrogen 


a slight inerease in inorganic 


Departments of Veterinary Science and An 
Lafayette, Ind 
paper No. 908 of the 


Station 


From the 
mal Husbandry, Purdue University 
Submitted as journal Purdue 
Agricultural Experiment 


their appreciation to Dr Irby 


University 


The authors express 


Bunding, The Armour Laboratories, Chicage Il for 


the rowth hormone preparations 


phosphorus, 


However, there was a great difference in 
the individual 
growth hormone 


showed no 


response of swine to the 


preparations. Some ani 
pathological 
evidences of an unfavorable response. Four 
of 1] died 


during the course of thi The 
pathological effects observed are summar 


mals clinical or 


hormone-treated 
experiments 


growth pigs 


ized in this paper 


MATERIALS AND Mi 


rHiop 


veighing 
‘ omple te 


Three trials were cond 
100 to 115 Ib vidually fed a 
mixed ration containing i) per cent erude 
until they 


were ! 
protem 
weighed 150 lb. and 14 per cent protein 
until slaughtered at 220 Ib.’ The purified growth 
hormone prepared by the 
method of 


solved in sterile 


preparations were 
W ilhelmi tf al The 


solution at the 


hormone was dis 
saline time of in 


jection and administered intramuseularly each 


day The 


expressed in 


daily doses of the growth hormone are 
hormone 
preparation 22KR 

used: K45408R 


approximately 0.5 U.S.P.-TSH 


stimulating 


milligrams of growth 


terms of Armour standard 
Three 


contained 


lots of growth hormone were 
(thyro 
hormone milligram 


units per 


in addition to the growth hormone. Lot 
GH-3 contained 0.3 U.S.P.-TSH 
gram and lot R4910 4 had 


nation of approximately 0.5 | 


purified 


units per milli 


a thyrotropie contami 


S.P-TSH units per 


milligram, 


Suitable aseptic preeautions were taken to mini 


mize dangers of infection and in trials 2 and 3 
injected daily with steril 
follow 
examination 


the control animals were 


saline. Necropsies were done immediately 


ing death and the histopathologiecal 
lungs, 


hy pophy sis 


included heart, liver, thyroid, 
adrenal, and anterio 
In the third 


hormone exhibited 


trial, the pigs receiving growth 


arthritic symptoms late in the 


experiment and x-rays of the affeeted joints wer 


taken. In this trial, sections of kidney, liver, pan 


creas, thyroid, and pituitary were obtained from 
both the control and growth hormone-treated ani 
mals at the time of ughter 


RESULTS 


Trial 1.—Two barrows weighing approx 
imately 115 Ib. each injected with 
preparation K45408R until they 
weighed approximately One re 
10 mg. of 


were 
daily 
230 Ib 


ceived purified growth hormone 
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EFFECTS OF GROWTH 


per 15 kg. of body weight daily and the 
other 5.0 per 15 kg. The 
injected pigs made excellent 
average of 1.96 lb. per day. They required 
less feed per unit of gain than the controls 
and there was a marked increase in protein 
and a decrease in fat in the treated swine 
The protein and fat content of the edible 
the was 10.9 per 
49.5 per cent, respectively, and the 
the hormone-treated 
14 per cent and 35 per cent. The growth 
hormone-treated pigs showed no detected 


mg hormone 


gains, an 


carcass of controls cent 
and 
was 


average of pigs 


evidence of an unfavorable response at any 
time during the trial. 

Trial 2.—In this trial, 7 barrows weigh 
ing approximately 110 lb. were used. Three 
served as controls and were injected daily 
with saline. Two pigs 
growth hormone (lot GH-3) at a level of 
4.5 mg. per 15 kg. of body weight and 2 
received 2.25 mg. per 15 kg. These dosages 
were less than half those used in the first 
trial During the first 27 days, all pigs 
gained rapidly. On the thirtieth day of 
treatment pig 1, receiving 4.5 mg. per 15 
kg., decreased its feed intake from 7.25 |b 
per day to 5.29 lb. and on the thirty-fourth 
day refused feed. The pig was extremely 
exhibited muscular trembling, 
forced to move about, showed 


sterile received 


nervous, 
and, when 
¢clonie convulsive contractions of the mus 
The animal did not eat death 
followed a severe convulsive seizure on the 
thirty-ninth day of the experiment. At 
necropsy, the kidneys of pig 1 were found 
to have pale cortices and cloudy pelves 
The liver enlarged and there were 
some adhesions to the diaphragm. The 
heart was enlarged, the left atrioventricu 
lar valve thickened and edematous, lungs 
were edematous, and the forelegs showed 
subcutaneous edema. Microscopically, the 
kidney showed fatty and albuminous de 
generation. The liver was edematous and 
there was vacuolation of the liver cells 


cles. and 


Was 


Pig 2, receiving the same level of growth 
hormone as pig 1, gained rapidly until the 
forty-first day of the experiment. At that 
time, it weighed 188 Ib. and was gaining at 
a rate of 2.00 lb. per day. The animal then 
suddenly stopped eating, showed the same 
had 


muscle con 


type of muscular trembling as pig 1, 


intermittent clonie convulsive 


tractions, and died on the forty-fifth day 
The kidneys were enlarged and appeared 
fatty showed 


Microscopic examination 


HorMONt 
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fatty and albuminous degeneration and 
sloughing of the tubular epithelium. There 
were microscopic evidences of edema of the 
heart, thyroid, and adrenal capsule. There 
was some postmortem degeneration of the 
adrenal and thyroid, The thyroid follicles 
were without colloid, and the epi 
thelium was hypertrophied and markedly 
The liver enlarged and 
appeared fatty. One lung appeared nor 
mal and the other showed evidence of hy 
postatic 
The 


mone at a 


stored 


dissociated was 


pneumonia 
which received hor 
level of 2.25 mg. per 15 kg. of 


live weight gained at the rate of 2.56 lb. per 


pigs growth 


day throughout the experiment in contrast 
to 2.32 lb. for the controls. As in trial 1, 
they consumed slightly less feed per day, 
required less feed per unit of gain, and 
stored considerably more nitrogen than the 
The the control 
carcasses was 11.0 per protein 
$5.3 cent fat and of the 
treated pigs 13.0 per cent protein and 38.8 
per cent fat 

No unfavorable effects of lot GH-3 
growth hormone were observed in the pigs 
which received it at a level of 2.25 mg 
15 kg. of live weight 

Trial 3.—Fortunately, 
of GH-3 were available to allow its 
a level of 4.5 mg. per 15 kg. in 1 pig during 
trial 3. A new lot of hormone (R491024 
was administered to 2 pigs at a daily level 
of 6 mg. per 15 kg. and to 2 pigs at a rate 
of 3 mg. per 15 kg. of live weight 

The pigs which received the hormone at 
the 3-mg. level and the pig injected with 
GH-3 at the 4.5-mg. level gained at a rate 
of 2.54 lb. per day and 2.04 lb. per day, 
respectively, in comparison with the con 
trols which gained 2.11 Ib. per day As 
in the other trials, the pigs which received 
growth throughout the experi 
ment consumed less feed per day, required 
feed per unit of and 
more protein and less fat than the controls 

Pig 23, 
the 6-mg. level, showed a decrease in appe 
tite on the 
was extremely 


controls composition of 


cent and 


per hormone 


per 


sufficient amounts 


use at 


hormone 


less vain, contained 


injected with growth hormone at 


seventh day of treatment and 
nervous. At the end of 14 
days all food was refused, the animal ex 
hibited continuous muscular trembling and 
when forced to 
Death occurred on the seventeenth day ot 


clonie contractions move 


treatment during a convulsive seizure. At 
the 


hecropsy, muscular Tissties Were eX 
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tremely pale and generalized edema 
apparent. The heart was atonic, the mitral 
valves thickened, there was an increase in 
pericardial fluid and edema beneath the 
The liver appeared grossly 
fatty with localized paren 
chymatous degeneration. Microscopically, 
there extensive vacuolation of the 
liver cells and some widening of the sinus 
oidal spaces. No evidence of any inflamma 
tory or infectious change in the liver was 
observed, The kidneys were pale and there 
was marked fatty degeneration with some 
The 


was edematous and the 


Was 


endocardium 


evidences of 


Was 


albuminous degeneration stroma of 
the islet 
cells had undergone granular degeneration 
and had largely lost their outline. The epi 
thelium in some pancreatic ducts was loo 

ened and desquamated. The adrenal 
but the 
and fasciculata appeared to be within the 
normal width for swine. The retic 
ularis appeared to be somewhat disorgan 
ized 
hypertrophy and hyperplasia, little colloid 
was present, and the interstitial tissue was 


pancreas 


Cap 


sule was edematous glomerulosa 


wre 
range 


The thyroid epithelium showed both 


edematous 


Pig 25, which also received the 6-me¢ 


level of growth hormone, exhibited clinical 
signs almost identical with those of pig 23 
(on the eleventh day of injection, he ap 
peared to be following the same course so 
hormone treatment was 
24 days. Within ten days after cessation 
of treatment, feed consumption and rate of 
gain returned to normal Hormone 
injections were resumed and at the end of 
three weeks the pig was in a moribund 
necropsied, Extreme 

hydropericardium 


discontinued for 


levels 


condition and was 
hydrothorax, 


edema 


ASCITES, 
subserosal were observed 
the liver appeared to be com 
pletely infiltrated with fat. The bile duet 
was patent and bile was entering the duo 
The heart and lungs were grossly 
normal although the heart fat 
slightly icteric Microscopically there was 
vacuolation of nearly all of the liver cells, 
which was assumed to be the result of fatty 
degeneration. Some of the liver cells, par 
ticularly those the central vein of 
each lobule, showed granular degeneration 


and 


Grossly, 


denum 
appeared 


hear 


In some liver cells the 
the nuclei 
wall. Some 


or cloudy swelling 
indistinet, In some 
against the cell 


and 


nuclel were 


were restilig 


nuclel were pyknotic some showed 


karyolysis 


TURMAN 


ANDREWS 


The kidneys showed extensive fatty de- 
generation. There were varying degrees of 
nuclear degeneration and some albuminous 
degeneration. The tufts of 
glomeruli appeared shrunken. There 
inflamma 


vascular some 
Was 
no microscople evidence of 


tory processes prior to the degenerative 
changes which occurred 

Some 
sis In some areas of the lungs were found 


The 


show ed 


edema of the pleura and atelecta 


but no evidences of inflammation 
heart 


evidence of early albuminous degeneration 


muscle was edematous and 


The mesenteric lymph nodes were grossly 
enlarged and contained polymorphonuclear 
cells In no other 


leukocytes and giant 


tissue examined were evidences of any in 
flammatory process found 

of the extreme ascites, edema of 
unexpected 


reticularis 


In view 
the adrenal capsule was not 
The adrenal 
appeared normal, but there 


glomerulosa and 
evidence 
The thy 
roid histology was within the normal range 
although the epithelium was slightly hy 
pertrophied There was 
of the spleen and a reduction 


Was 


of dissociation in the reticularis 


passive congestion 
in splenic 
pulp in some areas 

Pig 27, which 
at the 
weight, exhibited stiffness and 


hormone 
live 


received growth 
level of 3 mg. per 15 kg. of 
soreness of 
and 
Since 


swelling at the hocks 
end of the trial 
the symptoms were suggestive of rheuma 


the legs and 


knees at the very 
toid arthritis and since they appeared to a 
lesser degree in the other growth hormone 
treated pigs, it decided to x ray the 
limbs of both control pigs 
Pig 27 had a 104 FF. but 


no evidence of arthritis was found on x-ray 


was 
treated 
temperature of 


examination or at necropsy and no bacte 
rial growth was obtained in synovial fluid 
cultures.  Histopathological 


of the liver, lungs, adrenal, thyroid, pan 


examinations 
creas, and heart showed them to be essen 
tially normal with some slight edema. The 
tubular epithelium of the kidney showed 
some albuminous degeneration 

Pig 21, 
level of hormone, showed some clinical evi 
dence of and the 
At slaughter, there was no evidence 
of joint capsule involvement. The liver and 
Some granular ma 
tubules 
of GH-3 
the 


also received the 3-mg 


which 
lameness SOTCTICSS of 


joints 


thyroid were normal 
terial was observed in the kidney 


Pig 26, which received 4.5 mg 


per 15 kg. of body weight, as did 


pigs 
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Errects oF GROWTH 
both of which died, 
showed some lameness but no evidence of 
arthritis on x-ray examination. The liver, 
pancreas, and thyroid were normal histo 
logically. Although the kidney contained 
some areas of vacuolation and albuminous 
degeneration, it function 
ally adequate 

Kidney, liver, and thyroid 
were obtained from the saline-injected con 
trols at slaughter. Both of these pigs 
showed some soreness and lameness. This 
was true in all the animals 
maintained on concrete floors in the three 
trials and in other studies in which 
were kept in individual pens for long pe 
riods. However, x-ray examination of the 
controls did not reveal arthritic 
in any of the limbs. No definite pathologi 
cal changes were found 


in the second trial, 


was considered 


pancreas, 


more or less 


pigs 


changes 


DISCUSSION 


As previously summarized by Turman 
and Andrews,’ it that the ad 
ministration of three different lots of puri 
fied growth hormone did produce marked 
alteration of the normal growth pattern of 
swine. Although growth rate was not sig 


IS obvious 


nificantly increased, the efficiency of feed 


utilization was improved and there was an 
increase in the protein content of the ani- 
mal’s edible carcass of approximately 30 
per cent. There was an immediate increase 
in blood reduction in 
blood nonprotein nitrogen 

In the animals which survived, it seems 
reasonable to conclude that the over-all ef 
fect was beneficial when measured by usual 
standards. It is further that 
swine are capable of significant improve- 
ment in lean-fat relationships. However 
when the response was unfavorable, it was 
sufficiently 
lethal. 

The extreme difference in 
not be satisfactorily resolved with the data 
available. The nature of the difference, 
however, should permit a certain amount 
of speculation. 

The most obvious difference lies in the 
three lots of growth used. Al 
though great care is exercised in the prep 
aration and assay of these, or any prepara 
tions of proteinaceous hormones, they can 
at best be described as only relatively pure 
However, one of the preparations which 
produced death at the level of 4.5 mg. per 


glucose and some 


suggested 


disastrous to be deseribed as 


response Can 


hormone 
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15 kg. of live weight in trial 2 was without 
ill effects in trial 3 

Differences in dosage levels do seem to 
be related to unfavorable effects. The 
deaths were confined to the higher dosage 
levels in both trials 2 and 3. However, the 
levels used in both trial 1 
greater than those which produced death 
in trial 2, and the response in trial 3 with 
GH-3 was unlike that in trial 2 

In spite of the small numbers of animals 
involved, it is tempting to speculate that 
individual variability of the swine is in 
volved. It is felt that the results in this 
study support in general the views of 
Baird ef al. that growth stasis at maturity 
is the result of a relative deficiency of 
growth hormone. Their data indicated that 
the anterior pituitary secretes a constant 
amount of growth hormone at all 
but the pituitary does not increase in size 
proportionately with increasing body 
weight. Thus the animal is subjected to 
gradually decreasing amounts of 
hormone per unit of tissue as growth oc 
This study indicates that swine can 
respond to increased levels of growth hor 


pigs in were 


Ages ; 


growth 
curs 


mone and do deposit increased amounts of 
protein, at least until weights of 220 Ib 
are attained. If it is true that there are 
wide individual differences in 
the growth hormone in swine, these differ 


response to 


ences might be utilized in the selection of 
swine for improved meat-type. The unfa 
vorable swine to the 
growth involve the 
liver and kidneys after a very short time 
Purified growth preparations 
have have a diabetogenic 
effect in several species, the dog,’ the cat,’ 
and man.* The preparations used in trial 
3 produced a marked increase in blood glu 
cose within one week, Since the data are 
too scant to evaluate the diabetogenic ef 
feets in swine, further studies on this point 
are highly desirable 


response of some 


hormone appears to 
hormone 


been shown to 


SUMMARY 


Three preparations of purified growth 
hormone were administered to 
ginning at 100 to 115 Ib. in weight 
continuing until approximately 220 Ib 

Four of 11 animals treated with growth 
hormone died during the experiments 

In animals in which no unfavorable re 
sponse occurred there was a slight increase 
in growth feed effi 


swine be 
and 


rate, an increase in 


17% Doyui 


ciency, an increase in protein, and a de- 
crease in fat in the edible carcass 

In animals which did not tolerate the 
growth hormone preparations, death oc 
curred in from 17 to 45 days. The clinical 
signs were severe muscular trembling and 
clonic terminating in death 
The common histopathological 
changes were fatty infiltration and degen 
eration of the liver, fatty and albuminous 
degeneration of the kidney, and general 
ized edema 


convulsions 
most 


There was no evidence of any 


infectious or inflammatory process 
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Exudative Epidermitis of Pigs 


LLOYD DIEHL JONES, D.V.M., M.S. 


Lines, 


AuMost 50 years ago, Melvin wrote 


the 
of 


A ffeeti 


skin in hogs are very common 


the skin 


infectious 


ons of 


some lesions are frequent! 


thorough 


diseases, a 
affections is 


0 


vith 
of the 


importance f 


issoclated 
itaneous 


the 


knowledge various ¢ 


or gre 


g it standpoint 


rom 


differential diagnosis 


Except viral exanthe 
mata, swine erysipelas, and photosensitiza 
tion, little has been accomplished in fulfill 
ing the needed differentiation referred to 
Malkmus believed the of the 
skin indicated the state of health If the 


is bad, notwith 


parasitism, 


condition 


condition of the hair coat 
standing good care and shelter, it may be 
assumed that the animal is suffering from 
ill health.”’ Cipollaro and Schwartz” felt 
that skin diseases, with few exceptions, are 
an expression of derangement of the nor 
mal physiology of the Many 
pathologic states metabolic, endocrine, in 
fectious malignant—frequently 
fest themselves first in the skin.’’ 
During the past few years, a skin disease 
of suckling been reported with 
increasing in lowa. Names 
employed in include ‘* pustular 
dermatitis, pig,’’ ‘‘neerotic der 
matitis,’’ ‘‘infeetious dermatitis,’ ‘*exfoli 
ative dermatitis,’’ and ‘‘exudative derma 
titis Among Middlewest the 
incidence of the disease seems to be increas 
ing. In lowa it has 
serious losses. All of our basic information 
has been gleaned from reports of studies 
made by continental workers. A great deal 
of information is still lacking concerning 
details of this disease including predispo 


organism 


or 


has 
frequency 


pigs 


reports 


6 
greasy 


swine, 


some droves, caused 


sition, etiological factors, pathogenesis, 


It 
this is a specific disease or a manifestation 


held 


SINS, and lesions is uncertain whether 


in common by several diseases 


rERATURI 


Spinola vas the first to publish on the subject 


ised the term ‘‘hautausehlag,’’ which means 


He 
} 


skin rash morbi efflorescentiae eutanac 


and 


mature lowa Swine 


Taken fron Clinical itholo 


State 


Dermatitis 


brary, lowa 
The auth s now with Corn 


lowa 


He ¢ that it 
that, while it was 


eported rred 


oct 


recognized as an entity, 1 
such as 

When 
pigs, called a b 
first made its appre 
that oceurred in 


the 


with other 


uth disea 


ilso appenr 


foot-and-mo 
pli ited 


lise aWihepo 


ae, and neon 


mange 
found 


form was seldom seen 


ind weanling it was il 
This 


formation of 


nursing 


pig skin r rash iranee 


small vesicle 


dense clusters on various parts of body, es 


iround the eves These vesicle 


SOOT! 
d formed a ver iperficial skin 
These 
ind ¢ the 
Phe « ds vol 
the 
Phe 


illy 


vith a brown seahb 


sions 


spre onles entire body 


involved len due to eden 


their ind 
vith a 
ally 


tion wis 


edges 
tongue 
but 


Opening 
suppul il 


Diarrhea 


ive late wis u 


coated might ir, constipa 


more common Usu nnore xia 
of the sh 


disappeared 


ane 


ilivation preceeded the ippearane 


irl usually 
skin 
the enum vas 


of 


rush mptome 
According 
the 

the 

ilso mentioned having observed a 
of lie 
Plagues of 
the 


Spinola, 


is 
attributed 


the 


to 
coneentrated ration 
pigs He 
tritis, the 


America,’ 


or 


did not explain 


North 


significanes which 
‘* History of Animal 
called 


his 


jierer attention to great 


losses Of swine (from numerous causes 1800 


his 


in 
thereafter 
dermatitis of 
1732 1915 
Hayes 
to 
skin 
phthiriasis, 
but 


and at regular intervals was ho 


reference to in report fo 


the period to 
the first 
The 


necroti« 


Roadhouse and 


North 


deseribed 


were 


prob ibly 
this 


in America recoguiz disense 


several diseases, 


including 


dermatitis, swinepox, erysipelas, and 
the details of 


enough make 


sarcoptic mange, their report 


were not clent to an 
comparison 

The 
hin 
Thene 


lving loos 


Hieron 
authors 
the skin 
stratified layers, 


was not 


this deseribed by 
those of 


found 


lise 


with 


lesions of 


nse, 


do not other 


ugres 
of exfoliation 
‘ales appeared 
ly on skin whieh 


Histologic ill few 


scales were on 


im many 


much inflamed 


only a changes were seen 


There was a slight edema of the 
the 


distorted 


stratum spinosum 


in which mosaie disasso 


pattern 
In 
elevated by 
but i flatly 


was slightly 
the 


vesicles vere 


elated ofr places stratun 


corneum Was edema: no 


formed, showed 


of the 


elevated lesion 


The 


skin glands was unchanged 


slight parakeratosis comnective tissusc 


ecorium and of the 


ation was observed 


theme 


slight vasedi Scratching 


centuated changes 
of the 


Dettweiler 


Almost pigs affected by this dime 
et al 
ill 


dermatitis 


ccording to 
weak, 


were 


with 


oung 


and other disense 


of 


gilected, anemic, 


Mange other forms were often 


is 
cia rit 
tured ! 
covered emed 
ric 
= 
| 
Studie 
179 
4 


180) 


mistaken for this disease which they termed ‘‘ 
der ferkel’’ or ‘* ferkelausschlag.’’ 
that the skin grey and lusterless; then 
the hair and akin, especially of the shanks, chest, 
belly, often all 
became covered sticky fatty 


was an accumulation of 


russ 
They observed 
was first 
body, 
This 


which ce 


eyelids, ears, and over the 


with a coating. 
couting sebum, 
composed and turned black. Because of this gland 
The 
vesicles that formed at this stage soon ruptured to 
a black pitehlike seab soon 
skin 


thickened and wrinkled and the lesions might have 


ular involvement, it was also called seborrhea 


form uleers over which 
form, the 


formed In a more chronie wis 


been confused with swinepox or mange 


Transmission were conducted by 


K lobuk He 


easily 


experiments 


found it to be a speeifie infectious 
with re 


He sue 


inoculations 


disease, transmitted artificially, 


covery resulting in aequired immunity 


cessfully transmitted the infection by 
with a filtrate prepared from an emulsion of the 
skin of affected 


of ‘‘exanthema 


animals, He proposed the name 


suis exfoliaus sive exfoliativa,’’ 


and that the causal agent ‘‘ probably is a virus 
The details of his work 


Troxler” 


were not available 
data from 
herdbook 
nish evidence to support his theory of a congenital 


This 


accumulated studies of co 


operative swine-raising records to fur 
predisposition 
generation on both 
These pigs 
were known to have had as many as three separate 
attacks, followed by His 
included results of experiments 
with cases encountered in his private practice. The 
Pigs 


predisposition to the disease 
back to the 
and 


was traced sixth 


paternal maternal sides, parent 


each recovery. report 


also studies and 


occurrence of the condition was nonseasonal 


were found to be susceptible any time after they 


were 3 weeks old, Pruritus was observed in all of 


his patients. Various diets, ration supplements, 


and medicaments were employed with more or less 


satisfactory response, Suecess consistently fol 


lowed the application of therapy for sareoptic 


mange. In summary, he reeorded that ‘‘russ of 
piglets’ 
moglobinemia, diarrhea, and stunting. 


In addition to the 


was a disease often beginning with he 


preceding information, re 
ports of this disease have been made from Japan 
Mus 
from 
British 
Gordon.” In 


by Futamura,"* from Germany by Sehnyder,™ 
semeier and Hofferber,” and Gliisser ef al., 
Pekar,” and from the 
Luke and 
other reports 
Kinsley, 

Breed,’ 
this 


nesociation 


(‘zechoslovakia by 
Mayall,” and by 
the United States, 
by Lynch,” White,” 
Gellen.’ According to 


Isles by 
have been made 
Kernkamp,” and 
Moore,“ Quin,” 


others, disease has been 


Spear,” and many 


discussed at veterinary meetings for 


the last 20 years. 


AND MeTHODS 

The pigs 
study were procured through the facilities of the 
Iowa Veterinary Diagnostic Laboratory. Selection 
of the material for study limited to 
farrowed pigs without apparent complicating con 
ditions. A report form was employed for collect 
ing data in addition to the reeord eard routinely 


MATERIALS 


General Procedures, used for this 


was farm 


Liuoyp Dieu. Jones AM 


J. Vet 
1956 


Res 
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used for all cnses submitted to the laboratory In 


all, the data and materials collected for this study 
litters, and 


from 20 droves, comprising 374 


pigs 


were 


totalling 45,055 Over 40° nee were 


ropsies 
performed 


Immediately following electrocution of the pigs, 


pieces of skin, approximate! em, by 6 em, were 
body for 


During 


removed from various parts of the histo 


pathological and other studies routine 
the following other tissues were collected 
kidney, 


prefemoral, and 


necropsy, 


for histopathologieal studies liver, spleen, 


and the preseapular, superficial 


inguinal lymph nodes Routine bacteriological 


these and of the heart’s 
inoculum was streaked on 


rerobieall it 7 The 


were made of 


The 
and 


studies 
blood 
plates 


blood agar 
incubated 
plates disearded if ifter an obser 


were negative 


vation period of 48 hours 

The 
studies 
of the 40) 
July 3, 1953, to April 22, 


lymph nodes, and 


collected for the 
taken from 24 pigs 
droves during the period 
This ineluded 63 
livers, 17 kid 


two spleens, and 101 pieces of skin 


tissues 


histopathological 
were representing 17 
studied from 
1955 
sections from 18 


hnevs, 


Modifications introduced 


work resulted in handling 


Tissue Techniques 
during the course of the 
the skin 


Cowdry” as 


specimens along the lines deseribed by 
follows. A 


pleces of 


sharp knife used in 


was 
removing the skin As far as possible, 
direction of the 
end of the 
The hair was trimmed scissors and the 
wetted The 
then placed, with the epidermis down, on a wooden 

held in 
frequent 


these pieces were cut so that the 


hair Wis parallel with either a“ shite or 


piece with 


specimen with tap water piece was 


tongue depressor and position with com 


mon pins placed at intervals along the 
The tongue depressor was weighted with 
lead and the then 


cent solution of 


margins, 


pieces of specimen place d into 
formalin in 0.85 per 

buffered with eal 
hours, the skin 


with a 


a 10 per 
chloride solution 
After 
from the 
knife 


epidermis 


cent sodium 


cium earbonate. four was 


removed board, trimmed sharp 


and replaced in the fixative 
After 20 
pieces placed in a 70 per 
ethyl aleohol for further 
after 24 


pieces of 


wet surgical 


with the down hours, the 


were cent solution of 


storage or processing 


hours in the 70 per cent aleo 
skin 
a binocular dissecting microscope. 
skin 
returned to the aleohol 
marked for 


elipped 


Usually 
hol, the 
with the aid of 
Then 
eut off and the remainder 
for storage. The 
and the 


SC 


were removed for study 


about one-third of a piece of the was 


smaller piece was 


hair closely with fine 


Then the 
95 per cent ethyl aleohol for 


sectioning 
dissecting specimen was con 
secutively placed in: 
24 hours; absolute ethy! aleohol for eight hours; 
chloroform for 12 ehloroform-Altman’s 
mixture (paraffin, beeswax, and stearin) kept liq 
uid at 56C. for four hours; and finally embedded 
in Altman’s mixture. The other tissues 
and embedded All skin 
and 10 uw thick. Seetions of all 
other tissues were cut 7 w thick. All sections were 


Mayer's then 


hours; 


were sim 


ilarly fixed sections were 


eut between 7 wu 


fixed onto slides with albumen, 


|_| 
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stained, and finally mounted in synthetic resin 


medium, 
VU ethods All 
Delafields 


with ethyl eosin 


mounting 


Staining tissues were stained 


with hematoxylin and counterstained 


In addition, sections of 51 lymph nodes and 8% 
pieces of skin (representing 20 of the 
15 of the 17 stained by a 
tion of the periodie acid-Sehiff method 

Me Manus 
Me Manus,’ 


‘4 pigs and 
droves) wer modifies 
Hotehkiss 
Kligman et al, 
The Schiff’s 
the methods 


Pillsbury 


stain) as discussed by 


and Gomeri.” reagen’ 
prepared 
by MeManus, 
man 
Controls 


by the 


according to 
Lillie 


deseribed 


, and and 


Klig 


With each 
acid-Sehiff 


known to 


series Of sections stained 


method, at least ome 
J 


section of tissue, contain the organisms 


of aspergillosis, histoplasmosis, or blastomycosis, 


was carried along in the process as a control 
To obtain normal skin specimens for direet 


with the 


com 
parison 


different 


normal 5 


abnormal, rom 27 
tuken 


veck-oid pig 


pieces of skin 


ireas were from mrentl 


stained 


we ighing 
prepared, fixed, il 


pieces in were 


with hematoxylin and eosin in the manner alread 
deseribed 
The rf the 


Fig. 1 Sternal area 
showing skin lesions typi- 
cal of the early stages of 
exudative epidermitis of 
pigs. Actual size. 
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seribed by 


K riinzle, Da 


nodes of 


Gurit, Ellenberger, 
Ham; the 
Sabin, 
Mall, 


Lazarowitz;: the 


vid, and 
Richter, 


lymph swine by 
liver of 
Elias 


Tereg, 


and Trautmann,” the 


reconsidered by and 
pig by 
The 
the spleen has been described by Jackson and Dk 
These 
for determining the 


and 
kidney of the 
and 


the pig by 


and Trautmann Fiebiger.” cytology of 


toom descriptions were used as a basi 


presence of any abnormalities 


found in the various tissues examined in this 


study 
> 
ResuLTs 


Definition The result of 


disease, as a 


is defined 


observations made in this study, 


as follows: An acute, generalized dermati 


tis involving the entire body surface of 


young swine, characterized by sudden on 


set and a short course; 


marked by hype 
hidrosis, excess sebaceous secretion, exfoli 


ation, exudation, and without pruritus; 


resulting in loss of skin funetion, extremes 


dehy dration rapid exhaustion 
death 


ace 


usually ter 


miihating A secondary bacterial 


a tot the proc 


4 
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These 
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The 


embrace a 


this 


search 


Etiology 
did 
causative 
unknown 


scope of investiga 


for the 
Unfortunately it is still 


tion not 


agent 
Incidence,—The disease is widespread in 
lowa and neighboring states. Reports re 
from many indicate 
prevalence has increased during the past 
six years. The disease attacks the young 
pig at any time between 5 and 35 days of 
The average age of the pigs studied 
was 2] The the the 
lower the resistance, the shorter the course 
of the disease, and the higher the morbid 
ity and mortality 

Any number of the litters on a farm may 
be affected. If the disease appears in a lit 
ter, all of the pigs of that litter usually, 
but not always, become affected. On 
farm, half of each litter was affected 

Of the 3,055 pigs in the study, 
(25.45 %) were reported as having the skin 
Of these 55] 97 
were reported as having died, a total mor 
tality of 19.5 per cent 

The mortality greatly. In 
drove 5 of 81 pigs died, and in another, 
145 of 160 pigs died. 

Predisposing Factors 
could be found 


ceived SOUrCeSs its 


age 


days younger pigs 


one 


disease pigs, (67.8 % 


varies one 


No predisposing 


factors The occurrence 


Fig. 2—The lesions on the feet are typical of those 
described under the peracute form of exudative 


epidermitis of pigs. Actual size. 


Luoyp Dien. Jones 


Variations in housing 
difference In this 
study, there were no reports of the pigs 
No dif 


tise of 


Was not seasonal 


made no noticeable 
having been chilled or overheated 
the 


straw, shredded corn stalks, or ground corn 


ferences were discerned by oat 


cobs for bedding. In most droves. the sani 


tary conditions on the farm were reported 
as being good 
The feeding 


satisfactory Animals 


programs were considered 
that had 
affected Hs those 


The the 


included supplemen 


access 1 


pasture were as much 


maintained on drylots ration of 
nursing pigs usually 
tal creep feeding 
early age in only one drov 
There that 
color, size of litter, or heredity 


Pigs were weaned at at 


Was no evidence breed, sex 
influenced 
the occurrence of the disease. Pigs of first, 
second, and third litters were equally af 
fected. Other 
parasitisms, did not appear to complicate 


the clinical picture 


diseases, external 


including 


the dis 


eves 


onset of 


the 


ease, the pig shows listlessness 


Pathogenesis At 
less 
bright than normal, a drawn facial expres 
sion, drooped ears and tail, dull skin, and 
hair. When from the 
nest, it appears brighter for a short period 

The entire skin surface with 
thin dry delicate scales. The color of these 
scales varies with the cleanliness and color 
of the skin. They appear grey on black 
skin, reddish skin, 
and light orange on white skin 


lusterless stirred 


IS covered 


brown or rusty on red 


On the second or third day, the attitude 
varies from dejection and apathy to 
lessness and anxiety with 
and thirst. The skin is more taut 
a slightly thickened and swollen appear 
With the aid of a dissecting micro 
scope, the polygons of the skin pattern are 


rest 
some anorexia 


and has 
ance 


seen to be swollen, their bands of demarca 
tion are more prominent, and tiny brown 
spots begin to appear at the base of the 
hairs and at the of the 
glands between the hairs (fig. 1 


sweat 
These 


brown spots increase in number and size 


openings 


The skin is damp and oily 

As the disease progresses, the animal be 
comes more languid and depressed and the 
Constipation ts usual 
temporarily 

Significant 
the hair 
pruri 


anorexia increases 
but diarrhea 


There is a loss of body welght 


may appeal! 
pyrexia has never been reported 
remains undamaged and intact, and 
not In spite of the great 


tissue damage there seems to be no 


tus Is observed 


pain 


ir, 
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from this 
patterns 


The course of the disease, 
point, may follow three different 
For the purpose of description they 


designated 


are 


peracute, acute, and subacute 


Transitions and variations between these 
forms may appear at any time 

Peracute Form.—At after the 
brown spots appear, the entire body may 


with a 


any time 


rapidly became covered moist, 
sticky, greasy exudate composed mainly of 
sweat Cutaneous 
erythema is This 
abruptly and a thick line of gummy exu 


june 


sebum, serum, and 


marked process stops 
date forms at all the mucocutaneous 
The 
with complete anorexia, increased depres 
The production of ex 
that 


tions general condition becomes worse 
sion, and weakness 
udate 

present 
Upon the 


scab Is loosened 


temporarily and 
may thin coating 
resumption of exudation, this 
It can be readily removed, 
This 


reaction is more easily observed where the 


cease 


dry as a scab 


exposing a raw, highly inflamed skin 
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hair is thin. The feet were constantly af 
fected in all pigs studied, involving both 
the plantar and volar interungulate skin 
bulbs (fig. 2). The 


There 


Is severe emacilation, dehydration, and ex 


and associated digital 
skin may have a strong rancid odor 
haustion. Death usually oceurs in three to 
five days 
Acute Form 
form, the outpouring of exudate and devel 


Compared to the peracute 


opment of the disease is less rapid but con 
stant and the skin becomes more thickened 
and wrinkled. The brown spots persistently 
increase in number and size, Tiny vesicles 
and pustules develop and rupture forming 
rupturing they may 


Before Cou 


lesce, thus undermining larger patches of 


ulcers 
epidermis. This phenomenon can not al 
ways be observed grossly. The skin remains 
moist and greasy and the exudate accumu 
dries (fig. 3 and 4 The larg 
fractured 
lines 


lates and 
along 


thus 


scabs and crusts become 


bending furrows and cleavage 


Fig. 3—Head view of a moribund pig, approximately 16 days old, showing the acute 
form of exudative epidermitis of pigs 


4 
f 
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Anorexia is 
dehydration, 
Death 


forming deep fissures (fig. 5 
complete. Emaciation, 
are progressive. 
occurs in four to eight days. 

Subacute Form.——This form, the 
commonly encountered, develops in 
manner as the acute form but the 
even more thickened 
wrinkled (fig. 6). The entire course 
require three weeks. The mortality is 
lower than in the other two forms, but 
death may any time 
when it occurs, is slow 

Gross Pathology.—Necropsy revealed 
marked dehydration and emaciaiion 

All superficial skeletal lymph nodes were 
enlarged and soft. Many show peripheral 
hemorrhages and pigmentation. On see 
tioning, the cut surface bulged and lymph 


When the had 


and 
WAKNESS usually 
least 

the 
same 
skin 


becomes and 


may 


Recovery 


oceur at 


WAS released course been 
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their 
Occasionally 


somewhat 
more firm. 
and abscess formation 


prolonged, texture 
miliary 
were found 

The heart was mildly dilated. The arbor- 
ization of the pro 
nounced, The lungs were usually collapsed 
and congested. The stomach and small in 
testine were usually and 
tained small amounts of mucus, bile, sour 
ingesta small intes 
The contents of the colon were usu- 
ally dry and pasty. The liver was usually 
slightly swollen, cyanotic, and dark 

In the urinary system of every affected 


was 


necrosis 


coronary essels was 


contracted con- 


(stomach), or chyme 
tines 


pig examined, a precipitate could be read 
ily seen impacted in the papillary ducts of 
the kidneys (the urie acid in 
lving free in the rena! pelvis, 
bladder. This dupli 
Madsen et al.** who 


so-called 
farets) or 
ureters, or urinary 
cated the findings by 


Fig. 4—Anteroventral view 
of the same pig as shown in 


figure 3 
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4 
» 4 
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reported this condition to be associated 
with acute uremia 

No other significant 
found 

Histopathology.—Skin.—All of the 
pieces of skin collected were examined with 
a binocular dissecting microscope 

The swelling of the skin was best exem 
plified along the lines where it bends. It 
was also observed at the openings of the 
hair follicles where the epidermis 
pushed up around the hair shaft to a level 
above the normal skin surface. This pro 
duced a tiny depression of the skin in the 
form of a cup (fig. 7) which was filled with 
waxy material, with a ball-like 
shape, surrounding the base of the hair 
This material, which varied from light yel 
low to dark brown, was composed mainly 
of sebum, mixed with cellular debris, bac 
teria, and dirt. As its production contin 
ued, it spread and united with its kind 
from neighboring hairs, forming the brown 


gross lesions were 


Was 


a gummy, 


spots seen on gross examination 
The brown spots found at the openings 
of the sweat glands were formed in practi 
cally the but 
and contained sweat in place of the sebum 
Under the 


same manner were smaller 


compound microscope, skin 
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sections taken during the early stage of the 
disease showed a severe active hyperemia 
of the dermis (fig. & 
tation of the lymphatic capillaries 


, also a marked dila 
As the 
disease progressed, the blood and lyinph 
capillaries were even more dilated 

All of the sweat glands were dilated and 
active with none in their cyclic 
stage. The secreting epithelial cells were 
swollen and the cell membranes were indis 
tinet. The nuclei were swollen, finely gran 
ular, and many cells contained two nuele 


resting 


oli. The increased activity of the sebaceous 
glands could be recognized by the cellular 
and the material contained in the 
9 and 9a 


The epidermis showed slight 


activity 
lumen of their ducts (fig 
hypertro 
phy, hy pel plasia characterized by a“ length 
ening of the 
mild increase in 
cells of the 
The nuclei of the cells of the stratum gran 


interpapillary and a 
the 


stratum 


pers, 
number of layers of 
spinosum (fig. 10 
ulosum were more distinct than in normal 
The 


identified 


skin stratum lucidum could not be 


Hyperplasia of the stratum cor 
neum was indicated by the increase in its 
thickness and the nuclei it contained, even 


though individual cellular outline was lost 


Fig. 5—Compound papillae (c) formation and a wide fissure (f) are two prominent 


lesions often observed in exudative epidermitis of pigs. 


In the upper center is an islet 


of skin (i) with marked hyperemia of the papillary dermis. Back area. x 35. 


4 
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There 
number of POSIT ophiles in the dermis 


was a moderate 
Multiple foci of bacteria, having a coe 


coll shape and taking the hematoxylin 


Stain, were 
skin 

As the disease progressed, a separation 
of the epidermis from the dermis began, 
The cells of the stratum 
eylindricum were swollen and their cyto 
plasmic filaments less distinet. The rate of 
the epidermal hyperplasia increased. There 
were focal areas of intercellular and intra 
cellular stratum 
In these areas, the tonofibrils were less lis 
tinet, At 
neum became thicker, cracked, and fissures 


indicating edema 


edema of the spinostm 


the same time, the stratum cor 


increase in the 


present on the surface of the 


1956 


found 
An occasional lymphocyte and neutrophil 
migrating up 


developed in which bacteria were 
could be seen, apparently 
ward through the epidermis. They col 
lected in the vicinity of the bacteria form 
mg tiny pustules in the stratum corneum 

In the intracellular 
edema existed, the affected cells underwent 
hydropic degeneration and disintegrated 
Simultaneously the intercellular 
separated the cells of the 
tiny which enlarged 
and coalesced forming larger The 
vesicles ruptured, otherwise neutrophils in 
filtrated, forming a pustule which could 
rupture. The vesicles and pustules could 
be seen any place in the upper half of the 


where the 


areas 


edema 
epidermis and 
formed 


vesicles were 


vesicles 


Fig 6.—Sternal area 
showing skin lesions of 
the subacute form of 
exudative epidermitis of 
of pigs. Actual size. 


A wy Bay 
Rig 
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Throughout this there 
light infiltration of the 
dermis with leukocytes, principally 


epidermis process, 


Was only a very 
ophils 

The dermal and epidermal inflammatory 
hair follicles 
that of the neighboring areas 
except that pustules and vesicles were not 


changes of the proceeded 


along with 
seen. The major portion of the activity was 
restricted to that part of the follicle above 
the point where the sebaceous gland duct 
emptied The exudate 
from this reaction resulted in plugging of 
the follicle 

If the course of 
minated by death, the destruction contin 
ued until the inflammation extended down 
through the epidermis (fig. 11 Invasion 
of the dermis first appeared around the 
lips of the epidermal cups at the hair folli 
This destruction may be the result of 
two forces operating simultaneously: first, 
exerted by the ball of exudate 
within the cup; and second, the stretching 
of the epidermis at this point. The 
follicular area of the dermis was infiltrated 


accumulation of 


the disease was not ter 


cles 
pressure 
peri 


with leukocytes, primarily neutrophils 
Eosinophils were more numerous than in 
The ulcers at 
larged peripherally and united with neigh 


The inflammatory 


the earlier stages times en 


boring ulcers changes 


Fig 8—The early stages 
of the disease are indi 
cated by dermal hypere 
mia and a slight amount 
of hyperplasia and hyper- 
trophy of the stratum 
spinosum. Note the sweat 
glands (s). Inguinal area 
x 90. 
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Fig. 7—Two epidermal cups containing balls of 
exudate (arrows) seen grossly as the brown spots 


described in the text. Abdominal area. x 90 
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in the hair follicles sometimes proceeded 
below the level previously 
even extended into the 
follicle, the sebaceous 
the sweat gland region 


deseribed and 


base of the 
and 


gland region, 


hair 
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The severity of the inflammatory reac- 


tions varied with the individual. In gen- 
eral, the subacute form of the 
showed the same lesions as the acute form 
but, in addition, there 


disease 


was a wreater 


Fig. 9—The interpapil- 
lary pegs a. engthened 
and thickened. Capillary 
dilation and hyperemia 
are marked. Note the 
nucleated cells in the se- 
baceous gland (arrow). 
Observe the normal epi- 
dermal pigmentation. 
Axillary area. x 180. 


Section of nor 
axillary 
x 90. 


Fig. 9a 
mal skin from 


area of control pig 


«/} ‘- 
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amount of epidermal hyperplasia (fig. 12 
The interpapillary pegs were longer, wider, 
and several displayed clubbing. Compound 
papillae were also formed in some cases 
The examination of skin sections, stained 


Fig. 10—A little later 
phase of the dermatitis 
shows increased hyper- 
plasia and hypertrophy 
of the stratum spinosum 
with intercellular and 
intracellular edema. Nu- 
clei are seen in the thick- 
ened stratum corneum. 
Inguinal area. x 90. 


10a — Normal skin 
area of 
x 90. 


Fig. 
from inguinal 
control pig. 
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by the periodic acid-Schiff method, failed 
to reveal the presence of any recognizable 


specific causative agent 
Lymph Nodes The microscopie preture 
varied somewhat depending upon the se 


>. 
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verity of the dermatitis and the phase of 
There was always marked hy 
peremia At the time 
there of the reticular 
stroma and of lymphoid tissue. This often 
to the that there 
of both the subeapsular and 
peritrabecular sinuses. In addition, hyper 
plasia of the reticuloendothelial cells lining 
the Small areas of 
hemorrhage were commonly present The 
free cellular included lympho 
cytes, free macrophages, a few monocytes, 
neutrophils, and Multinu 
cleated giant cells were rarely encountered 


the disease 


and edema Sanne 


was hyperplasia 


progre ssed degree Was 


COMPPression 


sintses was observed 


elements 


plasma cells 
The ever-present dense population of eosin 
ophils was outstanding 

As the disease progressed, there were a 
few small groups of neutrophils in the cell 
medullary of the In a 
very few instances, these groups of neutro 


poor area node 


phils concentrated and enlarged into dense 
The 


typical picture, however, was that of serous 


aggregates forming miliary abscesses 


lymphadenitis with eosinophilia 

Examination of the lymph node sections 
stained by the periodic acid-Schiff method, 
and by hematoxylin and eosin, failed to re 
veal any evidence of a recognizable causa 
tive agent 

Spleen.—No abnormalities were found. 

Liver.—The findings were 
not very significant, usually hyperemia and 
In some livers, the sinus 


MIC 


cloudy swelling 


Liuoyp 


‘n Others their lumen 


intertobular 


olds were normal and 
The 
were usually not very distinet, as would be 
Some of the 
of 


CTOSIS Was pres 


Was narrowed septums 
expected In a young animal 
mild fatty degeneration 
the parenchyma In 


ent in the periphery of some of the hepatic 


livers showed 


Except in this one instance, no mn 
No bacteria 


In sey 


lobules 
flammatory reaction 
were found in any of the 


Vas 
SeCTIONS 
eral livers, a few neutrophils were present 
Kosinophils were found in all of the livers 

Kidney.—Cloudy 
was always 


swelling in 


especially it 


varying 
degree present 
the convoluted tubules. In many instances, 
this process was advanced to eytoplasmic 
cellular disintegration 
vas mild fatty 
first the 


medullary rays 


fragmentation and 


In a Tew specimens, there 


degeneration which appeared in 
tubules adjacent to the 
Areas of hyperemia 
few specimens. There 
chial hemorrhages in the 
of the renal pyramids in 
Nearly all of the kidneys 
of the collecting 
moderate dilation 
in several 
was a dilation of the 
of the glomerular 
compression of the glomerular tufts 


were present in a 


were several pete 
papillary portion 
one Case 


dila 
Was 


showed 

There 
of the glomerular 
instances. In there 
collecting ducts and 
with resultant 


tion tubules 
also 
Spaces one 


Spaces 


Some homogeneous and vranular precip 
itate, mixed with 
few erythrocytes, was seen in the collecting 


fragmented cells and a 


— Fig. 11—Total epidermal 


(arrow) re- 
sulting in the formation 
of a dermal ulcer. Note 
the leukocytic infiltration 
in the involved region. 
Inguinal area. x 90. 


destruction 
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tubules and ducts of a few kidneys. (This 
material is apparently the precipitate re 
ported in the gross findings. Hence, there 
is little doubt this condition existed in all 
the kidneys examined, only to be effaced 
by the processing procedures 
Hyperplasia of the epithelium lining the 
This 
seen in the larger collecting ducts of a few 
kidneys. In addition, many of the pelvic 
epithelial cells showed hydropie degenera 
Their 
eytoplasm was vacuolated, and contained 
The 


other epithelial cells were compressed, eon 


pelvis was always present was also 


tion, ballooning, and desquamation 
some fine pale blue granular material 


tracted, and more deeply stained 

There was a small amount of material in 
the pelvis composed of precipitated pro 
teins, fragmented cells, and erythrocytes 

An occasional leukocyte was observed in 
the renal parenchyma or contained in the 
blood 

Bacteriological 
cal studies on the blood and parenchyma 


vascular contents 


Findings Bacteriologi 
tous organs were negative but microorgan 
isms were isolated from the lymph nodes 
the other a sub 
The organisms 


from 2 pigs; one an acute, 
acute form of the disease 
were identified as Micrococcus epidermidis 


(Winslow and Winslow) Hucker. They 
fulfilled the critera for this nonpathogenic 


Fig. 12 — Photomicro- 
graphs of a skin section 
removed from the speci- 
men shown in figure 6. 
Subacute form. x 90. 
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organism as outlined in Bergey's Manual 


of Determinative Bacts riology 


Dis SSION 


This has been limited to 


the clinical and pathological aspects of a 


mnvestigation 


dermatitis of immature swine in 
A complete explanation of all the 
the 
has proposed ten 
Three of 
concerned in this 
factor; the aller 
either 


severe 

lowa 

await identification of 
Stokes 


features must 
eausative agent 
etiological factors for dermatitis 
these which 


study are: the 


might be 
metabole 

factor 
the factor 
In addition, a fourth 


vic or ven 


hypersensitivity 


eral or specific; and pyogenic 
virus and bacteria 
the mycotic or fungous infection factor, 
Was piven consideration but has been elim 
inated by use of the periodic acid-Schiff 
staining methods 

Wetaholie (or 


Studies associating 


Facto 
the de 
velopment of dermatitis are contained in 
Hogan,*' Chiek ef Unna 
Luecke et Witz and Beeson,’ Hentges 
et Sehreiner ef al., Hansen ef 
and Miller et al. Also 
that nutritional 
may be reflected 


sometimes three, generations 


Nutritional) 


nutrition with 


reports by 


it is generally ac 


cepted diseases of mam 


mals through two, and 


an. J. Vs 
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Allergy Factor.—The role of allergy in 
domestic animals is referred to by Brown 
lee and Reddin The role of auto-anti 
bodies in diseases of the skin is referred to 
in reports by Zoutendyk and Gear” and 
Marshall eft Weil and Reddin™ pro 
duced allergy in cattle with extract of 
common ragweed and thus produced a 
heat-stabile neutralizing antibody 
heat-labile complement-fixing antibody 

A discussion of allergy can never be 
completed without directing attention to 
the eosinophil, This mysterious cell is dis 
cussed by Rebuck,*’ and Best et al 
Kosinophilia is one of the many features 
of exudative epidermitis. It appears early 
and increases as the disease progresses 

Pyoge nue Factor The histopathological 
picture of this condition reveals a bacterial 
flora found to be constantly present on the 


and a 


Cape,” 


skin surface as a benign resident, noninva 
sive, but spreading as the tissues are de 
stroyed. Obviously are 
saprophytic, not pathogenic. If they were 
truly pathogenic, there would be an equal 
inflammatory The histological 
picture did not demonstrate a 
causative agent 

Many features of this disease bear sem 
blance to the diseases known to be caused 
by both the pox group and the foot-and 
mouth disease group of dermatropic vi 
ruses. The possibility of a variant form of 
a virus should not be overlooked. Kelser *' 
was convinced of the potential adaptation 
of viruses to different host species and dif 
ferent tissues, 

Further studies of this disease might be 
enhanced by the use of capillary micro 
scopic examinations of the skin as de 
scribed by Gilje et 


these organisms 


specific 


SUMMARY 


A clinical and pathological description 
is presented of an acute generalized derma- 
titis involving the entire body surface of 


pigs 5 to 35 days old. It is characterized 
by hyperhidrosis, excess sebaceous secre- 
tion, exfoliation, and exudation but no 
pruritus. It usually terminates in death. 
A secondary bacterial invasion accompan 
ies the process. 

This disease has been reported with in 
creasing frequency and in some droves it 
has caused serious losses. 

The material used in the study 
taken from 20 droves, comprising 374 lit- 


was 


Luoyp JONES 


1u. J 
APRIL 195 


Over 40 
Bacteriologi- 


were 


ters, and totalling 
necropsies were performed 
cal and histopathological 
made of lymph 
spleens, and skin 

Of the 3,055 pigs studied, the morbidity 
was 25.8 per cent and the mortality was 
19.5 The mortality varied 
greatly 

No predisposing factors could be found 
forms have 


3.000 pigs 
studies 


nodes, livers, kidneys, 


per cent rate 


Peracute, acute, and subacute 
been described. 

Except for the skin lesions, no signifi 
cant gross lesions were observed. Micrococ 
cus epidermidis, a saprophyte, was isolated 
from the lymph nodes of 2 pigs but fungi 
could not be found 

Additional 


ascertain the cause and devise methods of 


studies should be made to 


control 
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Airborne Transmissible Gastroenteritis 


ELWOOD F. 


Urbana, 


of airborne 
infectious 


of 


vastroenteritis 


THere have been 


chronic 


reports 
respiratory disease, 
bronchitis, Newcastle 
poultry 
(TGE 
intestinal tract of baby pigs, 
ported by 
by routes other than direet 


and disease 
Transmissible 
a highly infectious disease of the 
has been re 
Lee eft al.’ as also being spread 
This 


transmissible 


eontact 


is a report on airborne 


gastroenteritis 


PRoOcEDURI 


end was divided bys 
Horsfall-Bauer 
of the 


were 


A room with a door in each 


a wooden partition, Six modified 


nits were placed on ench side 


pigs 
designated 


( 


partition 
intentionally 

The other 
control pigs 
side I. Each 
placed so it 
other 


One side contained which 


infected 


ide, 


and sic 


ke signated contained 
the from 


partition 


to 
the 


which were 
side I 
connected to a 
The 


exhaust 


exposed 


of 


aif 
wis 


the 


init on 


could be unit on side 


units on side © were connected 
The 
the 
side I 


moved 


(wide 
to 
to 


SIX 
fan 


while 


an units on side I were open 
thie 
only to the 
The refore 
through a 
the 
horizontal 
and 
between 


C-5, 


side 
to the 


room units on were open 
fan 
I 
and then to 
duet the 
units I-] 
distance 


and 


and 


units on and exhaust 
the 
duet 


fan 


from a unit on 
side 
length of the 
the paired 

itt The 
and ¢ I-§ 


“it 
to a 
The 


between 


unit on 


exhaust or 
distances 
and l 
the 
and 1-6 
in. vertically 
Table 1 
by 


>and was 
units I-4 


and 


paired 
horizontally 
of 42 in 
for each 
fed and 


separate 


was 15 


for a total distances 
presents the 
The pigs on 


separate personnel 


air velocity pair 


of each side were ob 
clean 
all 
hot 
hot 
serubbed 


ch feeding 


with 
to eneh 
were serubbed 


then 


served 
ing 
of 


water 


rooms and facilities, Prior trial, 


the pipes 


and 


and units with 


a detergent and cleaned with 


water and steam Feeding pans were 
a detergent and hot water after ea 
diet of 
milk which was 
of milk with 1 
offered milk thre« 


Starting with the 


with 
The 


cow's 


consisted evaporated homogenized 


reconstituted by 
of 


times each 


mixing 2 
water The pigs 


day 
the 


parts part 


were 


time at which on 


pigs 


A contribution from the Department of Veterinary 


University of and 


Station 


Pharmacology Lilinois, 
Experiment 
under the North Central 
Station cooperative 
Pigs 
his 
Pathology 
for supplying the intestinal suspension of 


Mr. J. Yusken Mr 


assistance 


Physiology and 


the 
laborator 


Agricultural Urbana, as a col 


Kegional Agricultural 


Experiment research project entitled 
Death 
The 
Beamer 
sity of 
TGE and 


D. Swartz 


Young 


expresses 


Losses in 
Dr. P. D 


Univer 


to 
Hygiene 


author appreciation 


Department of and 
Illinois 
the 

for 


baby pigs, and to and 


technical 


REBER, Ph.D. 


Illinois 


fed trials 


At 


side I were the ectiy material, 


hours’ 


and 4 and 66 


duration end of each trial, the pigs 
were neeropsied 
Four litters, vere 
ised. They 


Litter mates 


INnVOIVilp pigs, 
obtained a days of 
weight 
Horsfall 
the pigs 
was fed 
the 


mixing 


were 
of 
placed, 1 each, in the 


age 


approxin itely were 


equal 
paired or connected 
hours after 


side I 


suspen 


Twenty-fou 
in the units on 
of a TGE 


VuS rep ed b 


Bauer units 


were each 


place d 

mil mixed 
This 
of 


TGE-infeeted pig 


ibout 
milk 


100 


in 


ion 


(im gastrointesti taken from a 
vitl 
This mixture was centrifuged and the 


fluid to the bal 


1,000 ml. of tryptone broth 
supernatant 
TGE 


field out 


used infect pig This 


igent was recovered from an Illino 
break 
perimental 
Three 
the treatment in 
] two 
1 4 
Three 


ised for ¢ 


nd ha been 
that 


four years ago 
transm 


of 


sines time 
subjected 
ens I-] 


three 


pairs Were SUCCESSIVE 


pigs 


the and 


pairs pens I ind 
and 
pigs 
time 
check 
disturbance 
of pig 
contamination in 


itt pairs 


and two and ©-5 


were SUCCESS] iced 


un 


in pen 
This 


spontaneous 


each 


to 


pen remained 


for 


emprt was 


irrence of 

which eould have 
upply, could 
the 


done 
digestive 
at the 


to 


originated 


souTreE or have been 


luc room air, or have 


been transferred by personnel at feeding time 


RESULTS AND DiscUSSION 


Kach pig intentionally infected on side 
| vomited or had diarrhea or both within 
24 hours following the addition of the in 
fective material to the milk. Thus an in 


cubation period of 18 to 24 hours occurred 


TABLE i—The Number of Pigs and Their Aver 

age Weight for Each Unit, the Distance Between 

the Paired Cages, and the Air Velocity for the 
Paired Cages 


Distance 
bet ween 
TG 


symptoms 


unite, 
(in.) 


1606 (2 
1653 (2 


1864 (3) 


Number in cates the number of 


pigs 


parentheses 


trials or per unit 


194 


| 
| 
|| 
and 
it 
‘ 1 1556 
1-2 24 1706 (2 
‘ 4 1746 (2 2 
|—4 42 1477 
( 4 1546 
‘ > 
1 6 42 0 
|__| 
EE §]§O$G 


AIRBORNI 


Within 18 to 24 hours after the 
appearance of vomiting or diarrhea by the 
intentionally side the 
had 


side 


on side | 


infected pig on 


on the side © vomited oi 


paired pig 


diarrhea. Fewer 


vomited on 
than on side I, but all had a diarrheal con 
dition The 
air velocity 
parent 


pigs 


and of 
in the experiment had no ap 
influence upon the 
riod or the severity of the disease. These 
trials indicated that the air from 
the pens on side | at the time of the ap 
pearance of the initial vomitus or diarrhea 
infective 


Variations of distances 
incubation pe 


COMME 


bearing material. Pigs on 
side 


typical 


Was 
when exposed to this air developed 
TGE These 
did not establish the source of the airborn 
virus. It have 
feces, or exhaled air 
With trial, 


maintained empty 


symptoms of trials 


may come from vomitus, 


each unit 6 on side | was 


and its respective unit 
contained 1 pig. The air to the 
pig in unit C-—6 came through leaks in the 
eage and pipe fittings from both sides | 
and ©. This was arranged to evaluate the 
possibility of the pigs on side © being in 
fected prior to the time they were put into 
the units, and to evaluate the possibility 
of infection occurring on side C 
other than via the air duet 
nected to a cage containing an infected pig 
In two trials, the pig maintained in this 
manner on side © did not signs of 
TGE infection 


on side © 


from 


sources con 


show 


[RANSMISSIBLI 


(JASTROEN TERITIS 1 


third trial 


isolation or 66 


The pig (C-6) in the 
hours after 
hours after the pigs on side | were fed the 
that 
moderate diarrhea and mild gastritis 


was 
necropsied 


time showed 
This 


pig possibly came in contact with the TGE 


infective material and at 


agent at one of the times it was fed 


SUMMARY 


Transmissible TGE 
distances of 23 and 42 in 
at air velocities otf 


vastroenuteritis 
was airborne for 
1) and 52 cubic feet per 
minute, The infectious material apparently 
became airborne at the time of the 
appearance of vomitus or diarrhea 
bation periods for 4 


initial 
Ineu 
to 6-day-old) Hamp 
shire pigs varied from 18 to 24 hours 
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Fescue Lameness in Cattle 
|. Experimental Production of the Disease 


RUE JENSEN, D.V.M., Ph.D.; A. W. DEEM, D.V.M., M.5.; 
DALLAS KNAUS, D.V.M. 


Fort Collins, Colorado 


Frescue lameness, a noninfectious disease these, 65 beeame 

of cattle, is characterized by dry gangrene ove or both hind feet 

of the hind feet and tail, and is caused by Stearns” in 1953 described lameness in eattle in 
excessive consumption of tall fescue grass, 
Mestuca elatior var. arundinacea (Sechreb 


Kentucky, which had grazed on cultivated grass, 
Kentucky fescue 31. In one herd of 40 Herefords, 
Celak. Cattle severely affected with the lnmenens of one or both hind 
‘ ; eet with lesions of dry gangren 

disease may die or recover with permanent Beach ‘ observed lameness of the hind feet with 
defects of the feet Animals mildly af gangrene in cattle in Colorado which grazed on 
fected may recover completely following — the grass, Kentucky fescue 31. Forty-five animals 
temporary lameness were grazed on the pasture during December, 1954, 

This study was conducted to determine 

1) the ability of tall fescue grass to pro 
duce lameness, and (2) the type of lesions 
which characterize the disease. The spe 
cific toxie agent of tall fescue grass is be 
ing considered in an aecompanying article 


and January, 1955. Lameness deve loped in 15 eat 


tle; gangrene forme: e hind foot of each of 


animals, 


by Maag and Tobiska 


Review or LITERATURE 

Cunningham’ reported in 1949 that in New Zea 
land lameness developed in cattle which grazed 
coutinuously or for short periods on tall feseuc 
grass. The incidence was higher and the disease 
more severe in eattle whieh grazed for short peri 
ods on pasture whose forage was predominantly 
tall fescue grass. The lesion was dry gangrene 
of one or both hind feet and extremity of the tail 
The disease was produced experimentally in eat 
tle by feeding dried immature tall fescue grass 
harvested prior to the formation of seeds. Three 
eattle were used experimentally. In 1 animal, 
lameness developed in a hind foot after 15 days 
of continuous feeding and in the other hind foot 
after 17 days of continuous feeding. The second 
animal beeame lame after feeding on the grass 
for 21 days when approximately 300 Ib. of the 
grass had been consumed, The third animal did 
not develop lameness, In the opinion of the au 
thors, ergot, not diseernible in the grass, was not 
the cause 

Goodman in 1952 reported the occurrence of 
fescue lameness in cattle of western Colorado 
where tall fescue grass grows in abundanee, The 
disease developed during late fall and early win 
ter months when cattle were foreed to subsist 
on roughage which was predominantly tall fescue 


grass. One herd numbered 240 feeder cattle; of 


From the School of Veterinary Medicine and Agricultura Fig. 1—Laceration of skin proximal to the heel in 
Experiment Station, Colorado A. & M. College, Fort Collins a steer which grazed on tall fescue grass pasture. 
Dr. Knaus is a practitioner at Rifle, Colorado x 1.0 


2 
« 
ay 
4 


Frescul 


APRII 


lameness 
the 


69 cases of fe 
Rifle, 
The 
follows 
November, 5 in December, 14 
ll i February, 4 in Mareh, 
April, or in Jun 


Knaus” encountered scue 


the area of Colo., during 


1955 


in Cattle in 
1951 


69 cases 


period through mouthly ineidence 


thes 8S cases in Octo 


for was a8 
Janu 


May 
Sep 


ury, and 
No Causes were 


tember, in 


seen itt 


MATERIALS AND Mi 


rHODS 


mixed 


ob 


healthy animals of 
months of 
Their 
eatth 
Rifle, 


experimentally at 


Cattle Fourteen 


approximately 9 uge were 


for 


fair 


breeds 
experinme ntation physical eondi 
Nine of these 


and used experimentally at 


tained 


tion wa were purchased 
Five were 


Fort Col 


Colo 


purchased and used 
lins, Colo 

Pasture pasture 
The 


Approximately 10 acres of 
Rifle. The predominating 
Small amounts of 
the tall 
late dry 
the 


obtained at 


tall 


were 
other 


was fescue 


and clover were mixed with fescue. 


irrigated during the 
1954, much of 


wis 


In October, 


pasture 
Hay 


fescuc 


ungrazed 
sun-cured, baled 
the 
The 


Collins, 


moved, 


grass was 
Some of the 


conducted at 


feeding « 
balance of 


used in 
Colo. 
Fort 
Mountain 
spp 
and tufted hair grass (De schamp 
the 
feed 


were 
Rifle, 


was transported to 


bales 
periment 
the 


for 


bales Colo., 


the 


hich 


feeding experiment grass hay, 


sedges (Carex rushes 


consisted of 
spp 
sia cacspitosa | 
valley of Park, Colo., 
cattle at Collins. 


Jun us 


was harvested in 


South and was used to 
Fort 
which were 
remained in the 
Dee 27, 1954 

feed 


lameness 


entth pul 
from 


the 


rperiment Seven 
Rifle 
through 


the 


chased at pasture 


Forage of 
The 


August 7 
source of animals 
for 


Two 


pasture was only 


were Observed dails 
purchased at Rifle 
Rifle from No 


During this 


Experiment eatth 
pen at 
1954 
fed 
daily 
Collins, 


feeding 
Dee. 15, 


were 


were confined to 


vember 13 through 
day 
exclusive and 

k rperiment At 
Fort 


18, 


feseuc 
for 
cattle 


pe riod, the animals grass ha 


observed lameness 
Fort 


were 
whic 
confined to ; 
Feb. 7, 1955 


exelu 


from were 
Dec 
the tall 


entthe 


originated 


feedlot from 1054, through 
fed 


similar 


and were fescue grass hay 


pen 


confined to 
April 
grass 


lameness 


were 
1954, 
the 


from Dec 8. through 


native mountain 


daily 
feet were dis 


and were fed only 
All 


necroy 


animals were observed for 
affected ected eareful 


—Lameness in Cattle Grazing Tall 


Fescue Grass Pasture 


TABLE 1 


Entered 


pasture 


LAMENESS IN CATTLI 


RESULTS 


Experiment 1 The cattle 
were unthrifty and consumed the tall fes 


on pasture 


cue grass only when other more palatabl 
After 


pasture 


species of forage were not available 


approximately six weeks in the 
linear lesions developed in the skin of the 


Fig. 2—Dry gangrene of 

extremity of the tail from 

a steer which grazed tall 

fescue grass for 70 days. 
x 1.2. 


most animals immediately 
the 


Presumably 


hind feet of 
proximal to 
fig. | 
originated 
borders of 


bands of the 
these 
from the sharp 
leaves The 
Table 1 
the 


coronary 
heels lesion 
lacerations 
serrated the 
lesions healed after several weeks 
the date of 
ture, interval to lameness, and sper ifie ant 


as 


presents entrance to pais 


mals which became lame 


~Lameness in Cattle Fed Tall Fescue 


Grass Hay at Rifle, Colorado 


TABLE 2 


(nima 


Experiment 2.—The 2 cattle, which 
fed tall fescue grass hay at Rifle 
feet 


presents 


she 
lameness of the hind because of 
grene. Table 
feeding and the interval to lameness 
the 


initial «late 


Experiment experiment 


‘ 
Am. J. Vir 
; 
‘ to 
>.> 
3 
7 
w 
barate 
1956 
ha 
Initiated lia 
‘ feeding 
Da te 
nes 
o lamet ed 
i 6 at 
4 ‘ 
4 
_ . 


Fig. 3—Axial surface of medial 
digit of left hind foot from a 
steer which grazed tall fescue 
grass for 70 days and developed 
gangrene of the left hind foot. 
The lateral digit has been re- 
moved. x 1.4. 
sal arter b—dor 
er proper 


s thrombosed 


Fig. 4—Dry gangrene of the right hind foot of a heifer which consumed tall fescue grass for 
70 days. Separation of the gangrenous digits from viable tissue is developing. x 0.9. 
Fig. 5—Dry gangrene of the lateral digit of the left hind foot of a steer which grazed tall 
fescue grass for 70 days. x 0.9. 
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ducted at Fort Collins, the 2 cattle which the tail (fig. 2 In affected feet, early 
were fed tall fescue grass hay developed stages showed necrosis and fissuring of the 
lameness of the hind feet because of gan skin immediately proximal to the coro 
grene of the extremities, while the 3 cattle nary band of the heel. Advanced stages 
which were fed mountain grass hay re 

Appetite of the cattle per- TABLE 3—Lameness in Cattle Fed Tall Fescue 


mained normal 
Grass Hay at Fort Collins, Colorado 


sisted throughout the experimental period 
Table 3 presents date of initial feeding, 
interval to lameness, and total period of 


Initia Days to Days on 
feed 

feeding 20 10 
2.28.5 42 

PATHOLOGICAL CHANGES grass 2-2 ‘lameness 94 

No lameness 4 

Affected feet were gangrenous. Of the Amenens 

14 experimental cattle, 3. con 

trols, 4 developed lameness in both hind showed dry gangrene of affected 
feet. One developed lameness in one hind with a prominent line of demarcation 
foot and in one front foot, and 3 developed at the junction of necrosed and viable 
lameness in one hind foot only. Two ani tissues. Anatomically, the line of demarea- 
tion was located at any point distal to the 


digits 


mals showed gangrene of the extremity of 


6 7 


Fig. 6—Dry gangrene of the digit of a hind foot of a heifer which grazed tall fescue 
grass for 60 days. The nec 


Peint of separation mina 


Fig. 7—Dry gangrene of hind foot of a steer which consumed fescue grass hay for 
27 days. x 0.5. 


« tissues belo 


| 
pe 
« 
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Fig. 8—Dry gangrene of a hind foot of a heifer 

which grazed fescue grass for 60 days. The gan 

grenous digits have detached and left the distal 

extremity of the second phalanges exposed (a). 
x 0.7. 


middle of the metatarsus. Usually, both 
digits of a foot affected, although 
in some feet a single digit was gangrenous 
Commonly the and detached 
from the dead Eventually the en 
tire gangrenous part of the digits sloughed. 


were 
hoofs hair 


tissue 


Dissection of the vascular system showed 
thrombosis of the arteries in some affected 


through 9 


feet fig Figures show 


feet 


vanyrenous 


DISCUSSION 


The incidence of the dis 
ease during months of late fall and winter 
that tempera 
tures contribute to the cause of the lesions. 
interpretation, the 


concent rated 


suggests low environmental 
According to present 
of the tall 
vasoconstriction and predisposes to throm 
environmental 
temperatures the ex 
tremities of the posterior limbs and occa 


toxie agent fescue Vrass CHUSES 


bosis. Ischemia plus low 


cause gangrene of 


sionally the forelimbs and tail 


SUMMARY 
Three conducted to 


determine the ability of 


were 
tall 


experiments 


fescue grass, 


Fig. 9—Frontal section of same 

foot as in figure 8 showing the 

necrotic distal part of the se« 
ond phalanx (a). x 0.9. 
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Fescul 


Festuca clatior var. arundinacea, to 


in cattle 


grazed 


pro 
In experiment 1, 
tall 
» became lame. In 
periments, 4° catth 
hay exclusively 
18 to 42 days 


mountain 


duce lameness 


7 cattle were on fescue 


grass 
pasture two other ex 
fed tall 
- all became lame after 
fed 


no 


were fescue 


Three similar animals 


grass hay which contained 
fescue grass remained 


The 


usually 


normal 
lesions which 


occurred it 


were dry g 
the distal 


extremities 


LAMENESS IN 


CATTLI 


of the hind feet and, 
tremities of the tail and 
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Fescue Lameness in Cattle 
Il. Ergot Alkaloids in Tall Fescue Grass 


D. D. MAAG, M.S., and J. W. TOBISKA, M.S. 


Fort ( ‘olla ns, ( ‘olor ado 


Tau. fescue Festuca elatior, var 
arundinacea (Schreb.) Celak., grows in the 
vicinity of Rifle, Delta, Montrose, 
Colo. For many years lameness, especially 
of the hind feet, developed in cattle which 


grazed this grass during late fall and win 


Tass, 


ter months 
Lesions in affected cattle resembled le 
sions of cattle affectad with ergot poisoning 
This study was an integral part of ex 
perimentation on fescue lameness. The le 
ed cattle and experimental 
reproduction of the disease is reported in 


sions of affec 


an accompanying article by Jensen, Deem, 
and Knaus.” The objective of this specific 
study the identification of the toxic 
agent in the tall 


Was 


fescue grass 


Review or LITERATUR: 


In 19532 


in Kansas 


ergot was (doin range grasses 
northeast 


field and 


farm i 
grazing a cornstalk 
also fed wild hay A flected 
wis diagnosed is ergotism 
ifter the 


Several cows on a 
ern Kansas were 
were cattle beeame 
lame, The disease ifter 
ergot was discovered in the wild hay and 
disease was found not to be contagious 

Another 
curred 170 
1954, whieh 
pasture, consisting 


with 


instance of neute 


Hereford 
grazing 140 


ergot poisoning 
calves, in California in 


were icres of irrigated 


mostly of elover and native 


gris some wild rye The calves developed 
lameness and extreme 
of the gangrenous 
observed An 

that 


with ergot 


nervousness However, no 


form of ergot poisoning 
were s‘amination of the gra re 
vealed 75 per cent of the rye grass 
feeted 
New Zealand, tall 


part of the 


In certain arenas of 


forms a plant 


large 
grazing these 


Some enttlhe 


vith what is popularly known as 


Ergot is a fungus (Claviceps 
develops on grains such as ry 
ind on many types of grasses such as 
grass, western wheat grass, red top, timothy, wild 
rye, brome, quack grass, and needle gras 

Much research has been conducted to determine 
the active principles in ergot, and it has been es 
result of Barger ind his 


alkaloids are usuall 


tablished, mainly as a 


co-workers, that six pairs of 


From the School of Veter 
tural Experiment Static 


Collins 


present in ergot In e ir of alkaloids, which 


are optical isomers, one possesses physiological 


activity and the other has little or no action. Be 
alkaloids, other 
alkaloidal in nature are 


the latter are a 


which are not 


ergot 


sides substances 


present in Among 


number of amino simple 


pigment 
its characteristic purplish 


nitrogenous bases, and a sclererythrin, 
which gives the fungus 
The alkaloids in 


cereal 


red color ergot on species of 
kinds and 
differ in 
This ae 


mptoms of ergotism 


Zrasses ind in 
Also the 
their specifie effeets on the 
counts for the difference: 

in different 


grains va 
alkaloids in 


inimal body 


amounts ergot 


localities 


MATERIAI ‘ND METHOD 


Samples f that was 


used in experiment of the ‘ ) ng article 
by Jensen ef al were obtained i feseue 
from in experimenta 


vhiceh eor 


lame ou ! 4s hay 


Kriss Wis 
Rifle, Colo, 
grass 


whieh 


Animals 
became 
consisted rushes 
Juneus spp cachamp 
spitosa 


Park, Colo Ani 


remained norm 


South 
type of grass 
A visual examination for 
amples of the above gra 
Samples of the above 
Wiley using a fine me 
Figure and show 
Schreb Celak 
Qual tat 


vthrin of ergot, at 


mill 


dinacea 
Chemical tests 
selerer 


ide on the t 


samples of 
mountain grass | 

One hundred-gran 

placed it 


vided and 


Kriss Vere 

ether 

inch over the surface 

iidified 
After 

occasional shaking, the 

ether f 


tures vere 


turtari iid 


green-colored 
15-mil portions of 10 
alkaline 


grass was orange to re 


The aqueous 


standing for several da 
let. The 


grass hay was light 


corresponding 


Several selerotia 
the same manner ane 


line extract was rose 


~ 
eonsumed this 
wlerot ergot 
‘ n le 
it i 
eree! 
a clatio r. a n 
test fo eleniun 
‘ t ere 
f cue ind of 
thi 
portion f finn ground 
l-liter Erlenmeyer flash 
yrowtl mixed nt bout 
heeonme iffeeted f the fent mix 
tanding for 24 hours with 
on filtered. The 
trate tr ted 
per cent odi carbonate 
olut the feseuc 
t first and upor 
tur t ose to vie 
solution ru mount 
ergot of e treated it 
ne Med ne and Agr i itl 
red 


Fescut 


Another 
ground grass was 
flasks Ether was 


each 
l-liter 
before 


portion of sample of 
Erlenmeyer 
then the 


1:10 


occa 


placed in 
added as and 
mixtures were alkaline with 10 ml. of 
NH,OH After standing for 24 
shaking, the 
filtrates 


mince 
with 
filtered Phe 
with 10° per 


hours 


sional mixtures were 


ether vere acidified cent al 
and 


The 


acid 


bath 


eoholic tartari« then evaporated to dr 
taken up 


with 1:10 


hess on it vater 
with 
NH,OH. These 
with ether in 4 
The ether 
with thre« 
of 1:10 NHOH 
then 


residues were 
alkaline 


solutions 


ml. of water made 


aqueous were extracted 


ortions of 40, 25, 20, and 15 ml 


extracts were combined and washed 
portions of water to which 1 ml 
had added. The 
washed with 
The 
with | per 


been ether ex 


tracts were two portions 


of water remove the ammonia ether solu 


tions were then extracted cent 


The 


water 


tartaric 


icid in portions of 10, 10, and 5 ml tartar 


acid extracts were evaporated on a bath to 


the ether 
fluid 


15 mil. to remove 


Five milliliters of extract of ergot 


treated in the to obtain a simi 


Sit 


er cent tart ‘ cid extraet 
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Two milliliters p-dimethylaminobenzaldehyde 
each of 
from the 


The extract 


reagent’ were added to portions of 


The 


wis deep 


acid extracts 


fluid extract of 


the tartar extract 


ergot 
from the tall feseuc 


and the 


sample of grass was light blue 


extract from the mountain grass hay was 


colorless 
RESULTS 


Visual No selerotia of ergot were de 
tected by a careful examination of the sam 
On the tall 


dark-colored substance was 


fescue 
found 
at the nodes of the stems and axils of the 


ples of vriuss some of 


a 


leaves 
Chemical 
ium in the samples of grass were negative 
The the alkaline 
extract of the selerotia of ergot of rye Was 
due to the pigment, selererythrin. The 
similar extract of the sample of tall fescue 


Yrass had a rose to 


The chemical tests for selen 


rose color of aqgueotts 


which indi 
cated that some ergot pigment was present 


\ color 


Fig. 1—Tall fescue grass, Festuca elatior var. arundinaceae, growing in a pasture. x 0.1! 


Fig. 2—Seeds from mature Festuca elatior var. arundinaceae. 


x1.5 
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No ergot pigment was present in the moun 
tain grass hay 

The deep blue color formed by adding 
the p-dimethylaminobenzaldehyde reagent 


of Ex 
of Rye 


TABLE i—Spectrophotometric Analyses 
tracts from Grass and Sclerotia of Ergot 


Extract from eclerotia 
of ergotofr 

Extract from tall f 
erase 

Extract from mountais 


rra hia 


1 per 


also to 


acid of the 
was due to ergot al 
extract of the tall 
blue which indicated 


to the final 
fluid extract 
kaloids The 


fescue grass was light 


tartaric extract 


of 
similar 


ergot 


TABLE 2—Spectrophotometric Analyses of Tar 
taric Acid Extracts of Grass and Fluid Extract 
of Ergot 


Max 
absorption 


mip 


Extract from fluid extract 
of ergot 
Extract from tall fescue 

grass 
Extract from mountain 


ha 


erase 


cent 
the 


1 per tartaric acid 


to dilute sampler 


No alka 


the mountain 


that ergot alkaloids were present 


loids were detected in 
hay 


Spe ctrophotome trie 


vrass 


The final 


alkaline extracts of the samples of 


aqueous 
ground 
grass and the sclerotia of ergot of rye 
neutralized with dilute HCl and 
photometric data obtained (table 1 
the 


were 
spect ro 

Data 
tartaric acid 


also from 


(table 2 


were obtained 
extracts 


J. W 


TOBISKA 


The chemical tests and spectrophotome 
indicate that of 
the tall grass 


were detected 


ergot 
No 


visual 


tric data lorm 


some 
in rescue 


ergot sclerot la 


was present 
by a 
tall fescue grass before 
the Wiley mill. This 
seems to indicate that form of, ergot 
is capable of developing in the grass in lo 
other than place of the 
The possibility exists that the plant tissue 


that 


examination of the 


it was ground in 


some 
seeds 


cations 


may produce a substance may case 


to form 


a toxic material 


SUMMARY 


Representative of tall fescue 
grass from an experimental pasture near 
Rifle, Colo., and mountain grass hay from 
South Park, Colo., tested 
The results of chemical and spectrophoto 
that 


were 


samples 


were for ergot 


metric analyses indicated alkaloids, 


similar to those in ergot in 


present 
the tall fescue grass 

A qualitative test for selenium was made 
on samples of tall fescue grass and moun 
ected 


tain grass hay and none was det 
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Reports of Liver Glycogen Determinations by 
Biopsies on Dairy Cows 


C. W. RAKER, V.M.D., and J. ALLYN ROGERS, V.M.D. 


Kennett Square Pe nnsulvania 


WHILE studying ketosis at the University 
of Pennsylvania’s New Bolton Center, it 
would have been most helpful to have 


known whether the liver of a cow with procedure is simple. The cow, con 


tanchion, sho 


ketOsSIS WAS depleted of viycogen, ol 
° inches square, bet i the right twe 


whether the glycogen was present but the 
liver’s mechanism of release was unable qorsa! in prepared fot 
to funetion septic operation ire inesthetizv 
Liver biopsies have been conducted on infiltrating the skin, ‘ | musel me 
farm animals by several investigators toneum f 2 
chloride \ l-ineh ineisio . ide im the 


interested in determining some particular 
fter whieh the emble iops is passed 


phase of liver function as a part of re 
through the kin iIneision, intercostal musculature 
search projects 


. ind the peritoneum No restraint is necessars 
Investigation of the literature reveals 


cept oecasionall during the introduction 
several basically similar techniques for con 
ducting liver biopsies. All of these proce After pier e peritoneu e troch 
dures resorted to a punch and aspiration ee, one rings 
technique. Bone recently reported on an 

aspiration technique which used a modifi 

cation of the Iversen-Roholm aspiration 

biopsy needle, and since the sample of liver 

tissue which he was able to obtain was of 

suitable weight for our investigation, this 


mie thod WaS adopted 


MATERIAI p Meruop 


In the hope that a safe, practical, and a 
method of measurement of glycogen content 
livers could be developed, 7 normal 0 
ketosis was concerned purebred CGuernse 
were assigned for stud Six of the 7 
tating in fair condition, while cow A 
emaciated and near death She was 
ifter the first biopsy Three of the 
bred and 4 had not 
Blood sugar determinations by the Fo 
method were taken prior to taking biopsi 
Liver Biopsy Arrangements were 
& proper instrument TABLE 1i1—Blood Sugars of Cows in Glycogen 
rs of dairy cows Determination Project 
instrument consisting ! 
ind 
idequatels 
inal 


irer had 


been too 


entl brave eparated itl 0 of 
it tl precise moment when it is needed l 
technique for its use here described 
fined 
the 
it 
! 
per 
aro 
r the 
til i 
ee the surface of the liver while 10 ee. of vaeuun 
i created the lige euun 
scribed, the manufact lengthened the be 
i 
nm the 0 ‘ ing nd nou 
they had short and the eannula f 
i 
The ab of t in lia Bramble I i 
ition of bacter t Kolar \ ood ward i ‘ t 
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TABLE 2— Determination of Glycogen in the 


Liver (mg./Gm. of Liver) of Normal Cows 


Cow 2455 


scom to make healing more 


formation 
Laboratory The live 


KOH 


ocedure 
placed in tubes of 350 per cent 
tuken to the 

The 


Wiis used 


laboratory 


method of Good, Kramer, and Somagi 


modifientions A pipette used 


KOH 
weighed, 


into the 


with 
to place 2 of S50 per cent olution in a 
test tubs The 
specimen was dropped directly 
and the tube again 


witer 


then the liver 
KO 


The tubs 


tube was 
solu 
we 
bath 


tion wis 


as placed in a boiling until the tis 


in solution. It was then cooled and chilled 
an bath 
Methyl aleohol was 
and the tube 
until the 
cooled to room temperature, centrifuged, decanted, 
Normal H Soy, 2.5 was added 
15 minutes at 15 Ib. of 
NaOH, 


filtrate 


added ina 1.1 to 1 volume 


bath 
then 


boiling water 
boil It ws 


was heated in a 


mixture started to 


and drained well 
then it was autoclaved for 


cooled and neutralized with and 


H.O to 5 ee. A 
tested 


pressure, 
diluted 


with protein- Tree 


wis and for blood sugar as follows 


(reading of Klett 


(im. of liver 


RESULTS 


Blood sugar determination results, taken 
before and after biopsy, are shown (table 
1) as milligrams per 100 ce. of blood 

The results of the glycogen determina 
tions are shown (table 2) as milligrams of 
glycogen per gram of liver 

Only one biopsy sampling was made per 


cow on Jan, 27, 1955, but two samplings 


per cow were made on February 4 and on 


Feb, 9, 1955 


DISCUSSION 


No evidence of shock 
hemorrhage was observed during this in 


resulting from 


J. A 


RoGeRs 


there marked dis 
tress or serious loss of milk production 
After completion of this phase of the 
project and five days after the last biopsy, 
fof the In all 
but 1 was a 
variable-sized plate of tissue Cov- 
ering the injured the 
Upon removal of this layer of fibrin, small 
liver sur 
face, the results of previous biopsies. The 
fourth addition to the fibrinous 
deposit, had a moderate-sized subcapsular 
with localized 


vestigation, hor Was any 


sent to slaughter 
found 


fibrinous 


COWS Were 


cow the only chang 


surface of liver 


white SCArs eould be seen on the 


Cow, In 
hematocyst of the liver 
peritonitis and adhesions and a slight trace 
of hemorrhage in the peritoneal cavity 
None of the remaining experimental cattle 
showed evidence of peritonitis Two of the 
cows are still producing milk 

With this meager standard for compari 
son, If 1S hoped that determinations of gly 
cogen in liver of cows with ketosis may be 
secured from time to time in various stages 
of the disease, and thus help create a bet 
understanding of this puzzling meta 
Perhaps this report will 
their thoughts 


ter 
bolic disturbance 
contribute 


spur others to 


and experiences along this line 
(‘ON 

The rapidity of response to intravenous 
Injections of hydrocortisone, as demon 
strated by many cows suffering from keto 
sis, would seem to indicate that their livers 
contain sufficient glycogen for recovery if 
the mechanism of could function 

We believe that 
cows with ketosis 
their glycogen content will shed some val 


release 
biopsies on livers of 
and determinations of 
uable light on this question 

The method of 
with the 
tively safe 


$45 


securing liver samples 


instrument as made is 


The cost of 


compara 


manufacture was 
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Effects of Dietary Trace Minerals, 


Excess Calcium, and Various 


Roughages on Weight Gains of Hereford Heifers 


MELVIN J. SWENSON, D.V.M., Ph.D.; G. K. L. UNDERBJERG, D.V.M., Ph.D.; 
DENNIS D. GOETSCH, D.V.M., M.S. 


Vanhattan, 


Tut minerals to rations 
ol 
graphical areas of 
the 
roughages are 
high 
deficiency diseases in plants since 
other elk 
unavailable to the 


In view of this and the emphasis 


ADDITION oT trace 


Ith 
States de 
the 
It 


carbonate 


ruminants is recommended geo 
the United 
status of 


yrownh 


pending soil in 
which 
that 
produce 


boron 


upon 
known 


soils in calenum may 


iron, manganese, and 


ments rendered 
plant 
placed on mineral feeding to livestock, ex 

begun at this 
the effects of dietary 
and excess calcium growth 

histopathological of 
Details of the hematology and 
presented in a sub 


periments were station in 


1950 to study trace 
minerals on 
blood 
cattle 
histopathology will be 


and changes 


sequent publication 
the mineral 
Tn the 


and 


ippe ad out 


Beeson 


the United 


in States course 


advances in nutrition continual harves 
fertilization of the soil, 
mineral-deficient be induced thereby: 


which added 
growth of livestock 


crops without proper more 


soils may pro 


ducing feeds will trace mil 


proper 
et al 


require 


erals for 


ittle feeds grow! 
The 


Iron 


Glendening ilyzed « 


for various minerals 


Kan 
beef 


in north central 
found that t 


deficient i 


pical cattle rations would not 


cobalt 
the 


copper, 


manganese, 


status was to evaluate since 


iron 
needs further 
shown that 
alf 


estiga 
dair 


requirement of livestock 
Swenson ef al have 


this 


tion young 


raised area on ¢ starters and 
grow! 
corpuscular volume 
60) for 
of thes 
i, Co, Zn, and 


indie 


calves inh 


roughages have a low mean erythro 


of 


home 


evte to 37 eu as compared 
values 
with dietar 
Mn 


ating 


with to normal 


the 


Supplementing 


calves trace min 


rations 
Fe, 


erythrocytes, 


the siz 


had 


mineriai 


increased 
that the 


trace 


erals 
of the 


ealves 


inijieal anemia caused by a 


the cell 
that 


a sulx 
would 
might he 
that 


deficiences Sines size is small, it 
lead 


involved I 
the 


to believe iron and 


f al 


one copper 


ite Jones ¢ demonstrated 


dieta 


birth 


well as 


ry trace mineral supplementation to 


sed the 


to 6 months of increa 


the 


calves from 


age 


growth rate as values for hemoglobin, 


hematoerit, and erythrocytes 

tentley and Klosterman’ and Klosterman ef al 
Department, School of Ve 
Manhattan 


From the Physi 
Medicine, Kansas Stat 

Contribution No. 145 
Kaneas Agricultura 


College 
Veterinary Medi 
Manhattan 


Department of 


cine Experiment Station 


Kansas 


TABLE 1—Trace Mineral Mixture Fed to Calves 


in Experiments 2 and 3 


ement 


wor quality 


iter Bentle cobalt 


first limiting trace mineral Other trace 


mineral deficrener Smith and 


benefieia 


minerals brought a highs iarket price 


Considerable 
ng the ¢ 

itional 
hbetw 
all 
duToit 


with Ca:P 


species 


ratio 
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TABLE 2—Average Weights of 2 Animals per 
Group in Experiment 1 Expressed in Pounds 
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TABLE 3—Average Weights of 3 Animals per TABLE 4—Average Weights of 3 Animals per 
Group in Experiment 2 Expressed in Pounds Group in Experiment 3 Expressed in Pounds 
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TABLE 5—Average Weights of Animals With Added Trace Minerals (Fe, Cu, Co, Zn, and 
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TABLE 6—Average Weights of Animals Without Added Trace Minerals to the Ration 
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TS AND DISCUSSION 
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TABLE 7—Average Weights of Animals With Excess Calcium in the Ration 
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TABLE #—Average Weights of Animals Without Excess Calcium in the Ration 
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not affected by the dietary trace minerals 
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of alfalfa hay fed daily to each animal in 
the experiment prevented the response ob 
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calves seemed to make an 
tolerating the large quantities of the cal 
During the last third of 


calves fed 


carbonate 
the experiment, 
calcium were 
1.1 Ib. of ground limestone per head daily 
An important requirement in feeding large 


Somme ot the 


eXCeSS receiving as high as 


quantities of calcium is to feed adequate 


TABLE 9—Average Weights of Animals With Alfalfa Hay in the Ration 
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TABLE 10—Average Weights of Animals Without Alfalfa Hay in the Ration 


phosphorus and vitamin D. This has been <A. Alfalfa hay, like trace minerals, im 
confirmed by other investigators The proved the general appearances of the 
phosphorus requirement was met in the calves; however, trace minerals were of 
three experiments. The sun-cured rough little value in this respect when alfalfa 
ages supplied enough vitamin D to meet hay was included in the rations 
the requirements of the calves kept inside 
and away from sunshine 

The differences in the weight gains of 
calves fed alfalfa hay (table 9) and those 
not fed alfalfa hay (table 10) are of no 
significance statistically. In experiments 1] 
and 2, the alfalfa hay was beneficial in 
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SUMMARY AND CONCLUSIONS 
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determine the value of dietary trace min 
erals, harmful effects of excess dietary 
calcium, and comparative values of dif 
ferent roughages as alfalfa hay, prairie 
hay, and wheat straw in promoting growth 

2) The addition of trace minerals to 
yearling beef cattle rations adequately sup 
plemented had little effeet on the growth 
rate. The trace minerals improved thi 
coats and general appearances of the calv 
when a poor quality roughage as prairi 
hay was fed. The prairie hay had been ex 
posed to inclement weather after cutting 

3) Excess calcium with the Ca:P ratio 
of 10:1 and the phosphorus requirement 
being met impaired the growth rate of the 
calves (significant at 5% level 

$4) Alfalfa hay fed at the rate of 1.5 
to 2.0 lb per head daily did not stimulate 
the growth rate of the calves with rations 
consisting of low quality roughages but 


adequate In protein, total digestible nu 


trients, calcium, phosphorus, and vitamin 
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The Utilization of Intravenously Administered Glucose, Invert 
Sugar, and Fructose in Cattle 


DENNIS D. GOETSCH, D.V.M., M.S.; GRAVERS K. L. UNDERBJERG, D.V.M., Ph.D.; 
MELVIN J. SWENSON, D.V.M., Ph.D. 
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THE DEMONSTRATION by Cori,’ in 1926, 
that imsulin affected phosphorylation of 
Zzlucose and that specific hexokinases for 
the phosphorylation of fructose and glu 
the liver and led 
to investigations with fructose as a thera 
peutic agent in diabetes mellitus and other 
disturbances of carbohydrate metabolism 
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TABLE 1—Average Total Blood Sugar Values (Glucose plus Fructose) and Standard Devia- 
tions Expressed as Milligrams per 100 ml. of Blood after Separate Intravenous Infusions of 
Glucose, Invert Sugar, and Fructose in the Amount of 0.5 Gm. per Kilogram of Body Weight 
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are shown The mean differences 
in the 


hours 


eX reted 


t the ] per 


grams glucose it) SEX 


were ‘ent 


TABLE 2—Average Urinary Sugar Excretions and Standard Deviations of 5 Cattle, Following 
Intravenous Infusions of Glucose, Invert Sugar, and Fructose 


Potal injection 
and 


excretion 


injected 
reted 


‘rama sugar 


‘rama glucose n 6 he 


excreted in 6 hr 
6 he 


fructone 
jrames total sugar excreted in 
of sugar excreted in 6 hr 


her 


Percentage 


Milliliters of urine excreted in 


of 


214 
15.5 + 126 447.2 + 401.7 + 
(12)? 12 12 
166.9 4 144.0 + 4.1 149.2 + 4 
12 l 
123.4 +4 i44 5.2 + 25 11 i+ 40.4 
12 12 12 
11 12 
the 144 44.7 +4 62.1 + 29.4 f 4 
I 12 12 
6 hye 176+ 4 63.3 4 4 i 
(9 10 
rt r and cose 
ur ‘ t ir and 
Glucose Invert sugar 
146+ 19.0 ‘5+ 14 
‘ + 4 4 i 
6.14 i4 
+ 4.7 47+ ¢ 6.4 
1405 + 1409 1599 
0.5 Gm. per ogram m@f bod eight 
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true for the mean 


fructose ex 


same is 
the amount of 
With regard to the 


glucose frue 


level. The 
differences in 
creted in six hours 
grams of total 
excreted in the urine, the differences 


sugar and 
tose 
among the three treatments were not sig 
nificant ; 
cating that less sugar urine 
of animals treated with invert sugar. The 
difference in quantity excreted after treat 


fructose | 


however, there was a trend ind) 


was lost in the 


invert sugar and 


than 


ments with 


(im was less between those given 
ana 

between $0 Gim 
The total quantity of urine excreted six 

after treatment (table 2) reveals 


diuresis after the 


glucose and invert sugar (6.1 Gm 


glucose and fructose 
hour 
that 


animals 


was less marked 
invert 
When 
fructose, the animals excreted comparable 
The difference in th 


level 


were given sSuvar aS men 


tioned previously given glucose o1 
quantities of urine 
three tests approached the 5 per cent 


of significance 


DISCUSSION 


Working with Ayrshire, Red 
Shorthorn adult cattle, Holmes 
that the blood values returned to 
normal in one 
one-half hours 
glucose at the 


Poll and 
found 
sugar 
and one-half to two 
following the infusion of 
rate of 0.38 Gm. per kilo 
He reported a 10.3 
under 


and 


gram of body weight 
per 


these 


loss in the urine 
Bell et al 
ported normal blood sugar 


following infusion 


cent sugar 


conditions likewise re 
values at two 
These 


hours glucose 


workers reported an average renal glicose 


threshold of 98 mg./100 mil. of blood in 
cattle 

Baker ef al’° in studying lipogenesis in 
the normal and alloxan diabetic rat 
labeled acetate, lactate, and glu 
that the 
and lactate was greatly 


and 
using © 
formation of 


have shown 


fats from 


COSC 
acetate 
depressed in the alloxan-treated animals 
The capacity of the livers in such animals 
to convert glucose to fatty acids was im 
their 


fructose 


markedly In study, it was 
shown further that feeding re 
stored the ability of the diabetic liver to 
fatty 


amounts 


acetate and 


that 


synthesize acids from 


lactate in similar to 
when the diabetic were fed 
plus insulin. This that 
glycolytic system Was necessary 
These findings 
fructose eorrect the 


syn 
thesized rats 
glucose indicated 
an active 
for lipogenesis pose the 


question whether Can 
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and fat metabolism 
ketone bodies 
dairy cattle. Lehn 
review of fat metabolism 
CO-A is essen 


carbohydrate 
accumulation of 


faulty 
and the 
found in 
inger itl a 
that 
tial in the oxidation and synthesis of fatty 


ketosis of 


stated coenzyme A 


Apparently the reactions in these 


reversible 


acids 
with the same en 
A is: likewise 
metabolism 
amino 
relationship inthe 


processes are 


zymes involved, Coenzyme 


essential in the intermediary 


of carbohydrates and acids 
ndicating a complex 
metabolism of fats, carbohydrates 
This leads to the 
that 


into a 


and 
proteins interesting 
invert 
with 


utilize 


possibility fructose or sugal 


bovine animal ketosis 
restore the ability to 
Tats by the 


pros ide “ai 


infused 


may and 


metabolize normal pathways 


as well as active glycolyti 


system necessary for fat metabolism to 
proceed normally 

The 
cattle. reported 


the blood 


rapidly 


normal 
that 
normal 


preliminary findings on 


herein, demonstrated 


sugar levels returned to 


following the infusion of 
there 
fructose or 
than 
This 
invert 
hepati 


more 


invert sugar In addition was less 


sugar loss in the urine when 


invert was employed when 


glucose used madi 
that 
is more rapidly utilized by 
hepatic than 


possible advantage ol 


myeclions were 


Cates either fructose or 
and 
This 


Pructose 
cattle 


extra TISSUES 
suggests a 
treatment 


or invert sugar in the 


with ketosis 


SUMMARY AND CONCLUSIO 


utiliza 


1) A 


tion ot 


comparative study of 


infusions of glucose 
cattle at the 


body 


Intravenous 


invert sugar, and fructose in 


rate of 0.5 Gm. per kilogram welrght 


Is reported 
2) Total 


values returned t 


blood 


hours 


following invert 
normal six 


normal two 
and 


treatment hours glucose 


were slightly ubove hour 
treatment with 

3) Marked 
following 
with 
vert sugar 

$) There was a 
to be 


fructose ivert 


Iructose 
diuresis occurred in animal 


and fructose imftusion 


glucose 
less diuresis after treatment with in 
tendency for les 
follow 


follow 


excreted im the urine 
than 


fructose 


sugar 
The 


treated 


glucose infusions 


and invert stugat Animal 


similar quantities 


reted 


Monerief, J 4 Cold 


Postoperative Loss 


Thus the utilization of invert sugar 


by the body tissues over a given peri0d — yenous Infusion of Fructose 


of time was greater than that for either 467, (1953 7-60 
T. B.. Me 
fructose or glucose alone ‘ and Dott | ‘ eT Aseimilatior 
6) The possible advantages of invert Man. Pro Ka siol. and Med 
715 
sugar therapy over glucose therapy in 
metabolic disorders of cattle such as ke Ammoniun 
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The Course and Pathogenicity of Initial Infections with 
Dictyocaulus Viviparus, the Lungworm of Cattle 


ROBERT RUBIN, D.V.M., M.S., and JOHN T. LUCKER, B.S., A.M. 


Beltsi ile, 


In Juny, 1953, the writers began a series 
of tests to ascertain the course and patho 
genic effects of lungworm 
duced by the 
dosages of infective Dictyocaulus vit iparus 


infections pro 


administration of various 
larvae to calves and yearlings which had 
not previously 
with this parasite 
are reported here 

When the tests were begun, the 


been ex posed to infection 
The results obtained 
precise 
role of lungworms as a cause of fatal res 
piratory disease in cattle did not appear to 
elucidated either by the 
field that 


be satisfactorily 
experimental or Investigations 
had been reported 

The results of only one experimental in 
vestigation on the effects of D 
infections had been fully described ;° none 
of the animals involved in it died, although 
up to 7,500 infective larvae were adminis 
tered to some of them. Although deaths 
among experimentally infected animals 
had been briefly mentioned in other 
reports, the numbers of 
any other 


we (parus 


two 
neither larvae 


administered nor details were 


given 
Severa 


Brit 


prheumonia 


investigators mainly in 


had 


epizooties of bovine bronehitis and 


that calves 


affeeted by 


well as 
severely or fatally 


Some of these 


reported adult cattle a 
yearlings often are 


D4 
cieated mit the 


viparus infections reports in 
lungworms as a 


importance of 
been ul 


later B 


cause Of bovine respiratory disense 
However, still 


that 


derestimated previously 


suggeste d under pizooti condi 


ish reports 


tiohs some italities mav have been erroneous 


nnother 


erlooked 


uttributed to infections because 
had 
‘*fog fe and 

first 


field 


lungworm 
disea been 


identity of 


concurrent 

The 
atypien 
and 


perimental 


respirators 
probable 
parasitic bronchitis reported 
The 


prod iction of the fog fever syndrome 


studies 


1952 on the basis of 


infected, or exposed to reinfeetion itl 


is briefly reported earl 


Thus, 


pirato 


ports strong! suggested 


originalls supposed 
other origin have been, in reality, a nu 
fation of 


that 


lungworm infeetion The 
deaths 


sOnne previously charged to lung 


Var yland 


may not have been dus ( om, or not entire 


due to them, when a new bovine 


iffing 


respiratory disense, call 


Seotland, It 


pneumonia, 
was reported to 


but not 


discovered in 


with lungworm infeetions, 


associated 


them. Some additional pertinent exper 


ifter the 


eaused by 


mental data published by others present 


investigation was begun are mentioned in one of 


the following section of th paper 
Mi Hat 


cattle used this experiment, 


ere less than 2 w f age when purehased 
the 


the latter 


remaining earlings. Exeept for 


which had a fe gastrointestinal he 


were worm free prior to their exper 


minths, all 
mental infeetion wi 


The 


from 


lungworn 


first 3 test eal received larvae eultured 


Yperimentalls infeeted 


othe 


from 
The ul of 


“t ecnives were the so f 1] T ta 


feces 


‘source’ 


the experiment 


Infective 


larvae Tor 


administration to test an 
First 
feces 


that 


were obtained as follows larvae 


eolleeted fi 


authen 


om the donor's Porter 


ind method rermann 


except 


screen were instead of 


The larwae 
settled 


eentrifu 


and at issociated feeal material which 


ereen vere concentrated | 


hed 


through the 


gation, wa veral thoes with distilled water 


concentrated This larvae-fees 
finch 


tilled iter 


combination 
Petri cdishe 


imtrodueed 


nea re 
s mixed with ehareou in 
Knough tional di 


moisten the culture thorough Oo 


atmosphere the Pe 


mol 


igre | 
en examined 
tithough the 
rved 
The is administe 


of colleetion ) imes the 


Of the 
te te 
ered and ced owe ter ered 
container Infect ‘ tage ‘ yprod ! 
ture Ar tl time, ¢ f | iter. the ' 
‘ t of the « ‘ fi j 
centrifugat The number of ble one levis 
tered estimated inting 
nethod \ et ‘ or tight ‘ ed oe ! tl 
mipole ome that ere 
pe ere el mie teal i) 
j escent ne er inted 
of 
nite 
nel ‘ 
mie set 
read ol tive 
Fror e Hetn nh Parasite 5 
wer tore 
and VParasit Ke ar Agr sltur K 
Ser Avr tural Research Center t nt Water retrige te for a bef 
of t Helts e, Md ‘ inee tl results py bl 
17 


Calves 


8 


in 


Infections 


us 


ar 


tyocaulus Viv 


1¢ 


Ag 
as 
Es 


—Data on Fatal Initial Experi 
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vigor. Administration 
metal pipette attached to ibber bulb 
Experimental animals were iartered individu 
ally in clean, well-ventilated stalls. The 
vere weaned at 6 to 8 weeks o f ind then fed 
ilfalfa hay and 
Starting before rtest reported 
prepatent period, . il from infection 
to the first appearance of rvae in the 
feces, approximate l-lb ‘ mples from each 
ermann ap 
detection of 


exami 


made and 
mined b 
number 
vere agal examine 
recovered, To estin 
i patent period, a 
pen floor as often 
put weighed. The 
ening between 
quent, coun 
Routine 


mals wa 


during the criti 
frequently theresa nations 
eluded observation 11s piration, and 
temperature, with ‘ ) » auscultation 
of the lungs 

Differential blood counts, bh te determina 


tions and weights were ually obtained at weekl; 


intervals; during noneritical periods of the infec 
tions, the interval was I o, or rarely, 
three weeks 

Necropsies were perforn .s rou manner 
except for examination of th bronehi 
ind bronchioles were thoroug! ypened and all 
macroscople worms remove ( fixation The 
lungs were then incised, | ( containers 
of water and squeezed b i , ing was re 
moved after at least 6 ) i vater and 
liberated worms were re edimentation 
ind preserved in forma 

A dilution-counting 
mate the total number ! ecovered If 
none were macroscople ed material 

is susp nded and the microsecoy vyorms in each 
of a series of samples were coun If mature 
ind other sizeable orn ! ! they 
cut into small segment vhiel 
sedimented materia Suspensi then ef 
fected and the tail segments and microscopic 
vorms in each Simple vere €¢ In certair 
cases, mensurements ft 
of the worms were n 

Typical pathologic 
gional lymph nodes 
per cent formalin f ing 
sue and regional lymph node ill but one 
the fatal cases were submiutte« or bacteriological 
examination to the HKaeteriolos ind Mycolog 
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LUNGWORM INFEC 


Branch, Agricultural Research Service, Beltsville, 


Ma 
RESULTS AND OBSERVATIONS 
of 


or 


Survival and Larval Dosage Nine 
the 22 test of pneumonia 
other lung involvements, caused directly or 
infections 
Since 


animals died 


lungworm 

table 2 
for 
reported 


their 
13 survived 
the ke pt 
quired resistance to be 
evidence as to the worm loads they initially 
However, their 
heavy 


indirectly by 


table 1] 


and 


survivors were tests on ac 


direct 


acquired is lacking infec 


tions apparently were rather in 


the numbers of 
The 
be 


as indicated by 
their feces (table 2 
damage caused by these 
estimated only clinically 

All of 
yearling, given a single dose of 30,000 or 
died 


short 


some 


larvae found 


Cases 
in 
Infections can 


/ animals, 6 young calves and a 


animals, 
about 


more larvae However, 2 
calf and a yearling, 
$3,000 larvae in divided 
Apparently, death or 
mined more by the number of larvae in the 
initial dose than by the total number given 

Although all of 3 calves given 5,000 and 
all of 3 given 20,000 larvae survived, 1 of 
2 given 15,000, and 1 10,000 
Thus survival was the rule if 


riven 
doses survived 


survival were dete 


of 5 given 
larvae died 
20.000 or fewer 


a single dose or 


larvae were given either im 
doses 

All animals 
were susceptible to 
Moreover 


or 


inl divided 


Susceptibility to Infection 
listed in tables 1 and 2 
infection on initial 
either feeal or 
both, showed that mature worms developed 
in 19 of the 22 
inability of the worms to reach maturity in 


exposure 


necropsy eXaminations, 


There was no evidence of 


TIONS O} 


CATTLI 219 


the other table 1] One of them 
36) died only seven days after infection 
The remaining lived beyond 
the minimal time which the worms require 
Some of the worms re 


3 calves 


two (77,81 
to reach maturity 
covered from them at necropsy were nearly 
infections undoubtedly 
had the hosts lived a 


and these 


have 


mature 
would matured 
few days longer 
Prepatent and Patent Periods 
of the enough 
determination 
their 
to 30 


Sixteen 
Tor 
period ot 


from 21 


survived long 
of the 


Infections; its length 


animals 
prepatent 
varied 


averaue 


25) days. The patent period 


from 27 to 72 


the 


infections 


was usually short 
average 4] 13 animals 
which survived thei Ther 


no clear relation between length of the pre 


varving 
days, in 12 of 
was 


patent or patent period and the age of the 
the ot 
the administration 
vided 
Peak 


number 


administered 


di 


larvac 
ot 


host, number 


or single versus 


doses 
The 
| 


7 otal 
of 
observed in the 


Larval 
per gram 
1] of 
infections 
for calt 
three 
became 
162 and 


outputs 


and Outputs 


peak larvae 
feces of the animals 
thei varied 


66 and 


survived 
642 (table 
yearling 187, which 
more after their 
table 1 these 
l.p.g., respectively 
tended to be highest infections in the 
animals that received 94,000 lar 
vae and lowest in infections produced by 
5.000 10.000 The highest 


which 
from 7 te 


weeks 


dlied 
infections patent 
values were 650 
The 
ith 
£000 to 


peak 


oO! larvae two 


Matur 
sider attle 


} } 
eir obs 


TABLE 2—Data on Nonfatal Initial Experimental Dictyocauius Viviparus Infections in 
12 Calves and a Yearling 
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not ir ided in t experiment au Ke 
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peak counts were in the feces of the oldest 

animals 
Estimated total larval five 

infections in calves and one in a yearling 


2? T00.000 (No, 93), 7.100.000 (No 


outputs for 
were 


TABLE 3—Divided Doses of Larvae Administered 
to 6 Animals Listed in Tables 1 and 2 


Interval 
between 


RUCCORBIVE 


91), 9,350,000 (No. 97), 
68%), 15,000,000 (No. 96 
(yearling No, 187 
while the infection 
the 24-day estimation 


13,000,000 No 
33.000.000 


In a case where death 


and 
occurred was still pat 
ent (yearling 186 
was 27,000,000 
in the feces of the oldest and most heavily 
exposed of animals. Daily outputs 
exceeding 1,000,000 larvae were estimated 
for calf 96 on six days, yearling 186 on six 
days, and yearling 187 on 12 days; the out 
put for No, 187 was in excess of 5,000,000 
on one of these days 
Contrary to 

limited available 
total output 
the number of 
divided doses Versus a single dose 


Significance of Bacteriological Findings 


The greatest outputs were 


these 


expectations, the 
that the 
not necessarily less if 


normal 
data indicated 
Was 
larvae Was 


same piven 


Bacteriological examination**® of the 
lung and regional lymph nodes to detect 
the more common pheumonia-causing or 
ganisms was made in & of the 9 fatal cases 
(table 1 The only significant finding 
was the presence of Pasteurella multocida 
in the lungs and lymph nodes of calves 69 
and 66 and yearling 186. The behavior of 


these animals suggests that this organism 


* The writers are indebted to Dra. ¢ \ Mant! 
and } kK Animal Disease and Parasite K ' 


Kranel ARS, Beltsville Ma for this 4 


investigz 


ation 


AND JOHN T 


LUCKER 


may have been an important factor in their 
death. For example, & other calves (table 
2) survived the effects of a larval dose 
equal to, or greater than, the 10,000 given 
to calf 69. Also, calf 66 succumbed after 
receiving 15,000 larvae in divided 
whereas calf 86 survived this number given 
in a single dose. Usually the same number 
of larvae had a lesser effect if given in di 
vided doses (table 4 Moreover, 6 of the 9 
deaths occurred in the fourth 
fection, and both of the calves given about 
50,000 larvae died at that time. However, 
yearling 186, also given about 50,000 lar 


doses, 


week of in 


vae, lived for three weeks beyond this ob 
viously critical period suggesting that this 
older animal might have been able to sur 
vive the effects of its lungworm infection 
Although the finding of Pasteurella 
in both of the which died at low 
levels is significant in 


pe Yr 
calves 


dosage considered 


accounting for their exceptional behavior, 


fatal 
can not 


that 


disease 


uncomph 
result 


it is not contended 


cated lungworm 
from such low exposures to infection 
Loads im Fatal 


recoy ered 


About 


from the 


Worm ('ases 
15,200 
lungs of calf 36 about seven days after in 


(table 1); all 


length, 


worms were 
immature and 
0.07—-0.22) em The 
other cases in 


bacteria 


fection wert 
ple 
worm counts in the four 
which 
tected, 


bacteria, 


pathogenic were not de 


and in the examined for 
12.300, 
whereas 450, 550, and 2,400 worms, respec 
tively, 
where secondary bacteria capable of caus 
detected Although 
from the 


died 22 to 28 


one not 


ranged from 4,800) to 


were recovered in the three cases 


ing were 
many of the 
lungs of the 6 animals that 


pheumonia 


Worrs recovered 


TABLE 4—Effect of Administration of Larvae 
in Single versus Divided Doses on Rapidity of 
Onset and Severity of Symptoms 
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LUNGWORM 


mature, some 
present. In four 
such cases Where measurements were made, 
ones varied from 0.16 to 0.37 
em. in length. This wide range in size and 
degree of maturity after a single exposure 
to infection host 
either inherent or provoked by 
larvae to reach the lungs 
Larval Dosage general, 
neither the rapidity of the onset nor the 
severity of the signs and effects of the in 
fections was proportionate to the number 
of larvae However, 


days after infection were 


small worms also were 


the smallest 


resistance, 


the first 


Sugvests a 


and Signs.—In 


administered among 
the animals that received a single admin 
istration of larvae, there tend 
ency for more prompt onset of signs with 
Usually animals 
given a particular number of larvae at one 
time reacted more quickly and more se 
verely (table 4) than those given a com 
parable number in divided doses 

As early as seven 
days after exposure, and usually by the 
twelfth day, the respiration became more 
rapid, more forced, and more abdominal 
than the transition 
from normal to abnormal respiration was 
abrupt, occurring within a few hours 
These early were accompanied, or 
shortly followed, by a cough which became 
frequent and intense as the 
progressed. violent 


of coughing occurred, resulting in 


WAS sOoTne 


increased larval dosages. 


Respiratory Signs 


normal Sometimes 


signs 
more more 
disease 
one instance in an apparent temporary loss 


( dccasionally 


WEIGHT (LB) 


220} 


Graph 1—Comparison be- 
tween average weight 
gain of calves 83, 85, 97, 
and 96, respectively given 
5,000, 5,000, 10,000, and 
20,000 infective larvae in 
a single dose, and of 
control calves 30 and 95 
for 70 days following 
infection. 
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Abnormal lung sounds 
such as moist rales, emphysema, and wheez 
ing were heard but did not necessarily re 
flect the clinical condition of the animals 
Kor example, the pathological lung sounds 
more distinet and extensive in 
surviving calf 68, than those up to 
the time of death in certain fatal cases 

In fatal cases, the initial respiratory dis 
pro 


ot COLSCLOLSTIOSS 


were more 


were 


turbance became progressively more 
nounced, some animals breathing with the 
mouth open, tongue protruding, and head 
lowered. A few of the animals occasionally 
exhibited a type of respiration that 
best be described as resembling a dog pant 


can 


As respiration became progressively 
difficult the 
coughing became 
frequent. The animal approaching death 
seldom coughed. A loud expiratory grunt 
developed in all cases that terminated fa 
tally, as well as in some that survived. The 
had an expiratory grunt for 
varying lengths of time but eventually lost 
it. It was audible from outside the barn in 
An accumulation of frothy 
the mouth 
blood-tinged for 


ng 


more and animal more dis 


tressed, softer and less 


SUrVIVOrs 


some 
around Was not un 


eommon: if 


material 
Was two to 
three days prior to death in 1 animal 
Anorexia Fecal 
lightly infected animals, the appetite and 
water intake generally were most markedly 
affected when a diarrhea developed, as it 
did in cases 83, 85, 66, and 99. These diar 


rheiw animals showed complete Inappetence 


and Consistenci In 


= 
var. 
| —— CONTROL CALVES 
95 
40 
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for varying lengths of time. In the other 
lightly infected and the moderately in 
fected animals, the appetite and water in 
somewhat reduced In heavily 
appetite thirst re 
until 


take were 


infected animals, and 
near normal 
progressed so far that any attempt to eat 
or drink apparently 
As a result, these animals re 
food water, and 
severely dehydrated, and their feces be 
came abnormally dry; were 
calf 77 which had diarrhea for a week pre 
ceding death and calf 36 which died seven 
and one half days after infection and ap 
peared normal in all respects up to the last 
12 to 18 hours 

Klevation on 


mained the disease had 


caused considerable 
discomfort. 
fused became 


and gaunt 


exceptions 


CONSIST 


Temperature A 


ent, early temperature rise was not ob 
served in infected 
the temperature elevated in every case. The 
average peak temperature for the 15 ani 
mals that survived was 104 F, and the avy 
erage interval from infection to occurrence 
The highest peak 
on day of infection 22 (calf 


these animals, nor was 


of the peak was 33 days 
was 106.4 F 
99); the lowest peak was 102.8 F. on day 
21 (calf 61 
for the 7 animals that died during the pre 
patent period of their infections, or shortly 
thereafter, were 104.6 F. on day 16. In the 
two remaining fatal the maximum 
temperatures were only 101.4 F. and 103.6 
F. on days 13 and 57, respectively. These 
indicate that the temperature re 


The corresponding averages 
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sponse is not a reliable clinical sign in 
lungworm infections 
Effect on Weight A 
loss up to 90 Ib preceded death in seven 
of the eight fatal cases; 1 animal re 
mained the same. Animals sublethal 
infections did not gain as well as compara 
their prein 
fection periods, where such weights were 
available for The 
changes during sublethal, single 
fections in 4 test calves are compared with 
graph 1] In ten 


marked weight 


with 
ble controls, nor as well as in 
weight 


comparison 
dose Ih 


those of 2 control calves 
the controls 
0.75 Ib 
Similar data are 


average of 
the in 
shown tor 


weeks, gained an 


53 Ib 


fected calves 


day more than 
4 calves given comparable numbers of Jar 
vae in divided doses and for their control 
graph 2 In ten weeks, the control calf 
gained 47 Ib. (0.67 Ib more than the 
infeeted calves A 
weight loss graph } 
ling 187, which 
divided doses and by 


day 
marked temporary 
was shown by vear 
13.000 


received larvae in 


the end of ten weeks 
(yearling 186) had 


than the 


gained &S 


the control 
infected 


Ib 1.26 Ib 
yearling 
Effect on 
hematocrit 
test 
tion in 


day more 


Blood 
values of the 


Comparison of the 
blood of the 22 
animals showed no significant redue 
red cell 
their preinfection norms 
counts were not 


from 
white cell 


Was an ap 


volume percentage 
Total 
There 


made 


parently significant rise in eosinophile per 


centage in most of 18 animals for which 


Graph 2—Comparison 
between average weight 
gain of calves 93, 68, 
and 91, respectively given 
5,000, 10,000, and 20,000 
infective larvae in di 
vided doses (table 3) and 
of control calf 67 for 70 
days following infection 
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obtained In 
per 
are not sus 


these data were some in 


maximum of 30 cent Was 
reached The 
ceptible to 

they 
tions might reveal a pattern of eosinophile 
initial D infection. 
Pathology 


emaciation and dehydration, the significant 


stances, a 
available data 
detailed interpretation, but 
suggest that more frequent observa 
response to viviparus 
Gross Beyond evidence of 
lesions were confined to the lungs and re 
The only exception to 
which, in addition, 
diffuse peri 


gional lymph nodes 
this in calf 69 
showed a gastroenteritis and 


Was 


tonitis 
The 


sembled that seen in so-called shipping fe 


lungs re 


appearance of the 
ver pheumotnia The degree of involve ment 
varied from lungs showing only a few scat 
tered 
pneumonic changes beneath practically the 


pneumonic lobules to those showing 

entire pleural surface 
Interstitial subpleural 

emphysema were constantly 


and pulmonary 


present, were 
usually widely distributed, and were most 
often pneu 
monic sub 
pleural 
usually present 
usually 
both but 

appearance 


found in the areas of least 


change In degrees, 


varying 


petechiae and ecchymoses were 


The regional lymph nodes 
hyperemic 


were edematous or 


occasionally were normal ith 


WEIGHT (LB.) 


DATE OF 
INFECTION 


, 
20 
DAYS 
Graph 3—Comparison between weight gain of yearling 187, given 43,000 infective larvae in 
divided doses (table 3), and of control yearling 186 for 70 days following infection. 
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Except in calf 36, which had only micro 
scople Wortis, the opened respiratory tree 
lungworms 


revealed numbers of 


distributed throughout but concentrated in 


varying 


bronchi In 
and 3O, the 


the primary and secondary 


some, especially ealves OD 


worms were so numerous in the secondary 
bronchi as to suggest a mechanical occlu 
sion sufficient to cause death by asphyxia 
tion. In addition to worms, an excessive 
accumulation of frothy fluid was in the air 
suggestive of pul 
the fluid 


passages and was very 
In two CHSES, 
thick 
purulent material 

of the 


was inflammed in 


monary edema was 
green to 


The 


bronchi 


mixed with a muco 
mucous mie mbrane 
and brome hiok 


and 69 


trachea, 
calve 
The ol with 
all of the 


to make a postmortem diagne 


some above ntioned lesions 


enables One 
sis of verminous pneumonia. However, 
calf 36° in 


pre sent? 


animals comparable to which 
worms were 
difficulty 
invisible, but the 
that 


were not extensive 


only microscopl 


would offer more hot only were 


the worms infection was 


sO acute typical pneumontie lesions 
enough to suggest 


of death 
The 


monia as the cause 


Histopathology histopathological 


CONTROL YEARLING 
# 186 


INFECTED YEAR 
# 
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findings here reported? are based on a 
thorough study of the lung tissues of fatal 
cases 30, 77, 186, and 196. Since these find- 
ings were uniform, similar studies of the 
other fatal are not included. The 
following is a composite description of the 
observed 

Areas of consolidation involved portions 
of or entire lobules. The alveoli contained 
neutrophiles, mononuclear 
lymphocytes, Langhans-type giant 
and, occasionally, many eosinophiles; the 
latter were usually focal in concentration 
hemorrhage; oth 
exudates 
sur 


CASOCS 


lesions: 


phagocytes, 


cells 


contained 
ers, serous or fibrinocellular 
Round worm larvae, occasionally 
rounded by eosinophiles, were encountered 
in the alveoli. Only rarely, areas of alve 
olar epithelization were observed. Arteries, 
veins, and alveolar capillaries were often 
distended with erythrocytes. 

The bronchioles and secondary bronchi 
frequently contained a cellular exudate 
consisting of exfoliated epithelial cells, de 
generating leukocytes, as well as normal 
neutrophiles, lymphocytes, mononuclear 
phagocytes, and round worm 
The bronchiolar epithelium occasionally 
was multilayered and thickened. In year 
ling 186, peculiar papillary projections 
of the mucous membrane almost oecluding 
the lumina of some of the bronchi and 
bronchioles and a mild lymphoid hyper 
plasia adjacent to some of the larger bron 


Some alveoli 


segments 


chi were observed 

Emphysema, both subpleural and inter 
stitial, was common and widespread in all 
cases, the interstitial often being evidenced 
by blood vessels appearing free from the 
surrounding connective tissue. The emphy 
sema was accompanied by areas of atelecta 
sis, and interstitial hemorrhage was occa 
sionally seen. 

The over-all picture was one of vermi 
nous broncho-pneumonia with a densely 
cellular exudate 


DISCUSSION 


results agree with Porter 
and Cauthen”® in showing that sublethal 
experimental lungworm infections can 
cause severe respiratory disturbances and 
have a marked adverse effect on weight 


The present 


Armed Forces Insti 


for assistance in 


+ The writers are indebted to the 
tute of Pathology, Washington, D. ( 
evaluation of the histopathology, and one of us (RR) is 
participating with them in the preparation of a detailed 
gross and pathology of ex 
infections 


report on the 
lungworm 


microscope 


perimental 


AND JOHN T 


im. J. Ver. Res 
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alls 


They also confirm the above brief 


reports,” * and the more detailed ones" 
which appeared after this work was begun, 
by showing that fatal lungworm disease 
can readily be produced experimentally. 
Michel **® and Jarrett ef al found that 
death rather often about three 
weeks after infection. In the present series, 
6 of the 9 fatalities occurred at about that 
time. However, no evidence was obtained 
to support Michel’s '* finding that a severe 
clinical response occurs in calves about the 
time they lose their infections 

In the present tests, only 2 of 13 animals 
that received from 5,000 to 20,000 infec 
tive larvae died and Pasteurella multocida 
was isolated from the both 
Michel '**° found a dosage as low as 5.000 
larvae to be fatal in many cases and many 
of the animals given 5,000 or 10,000 larvae 
by Jarrett et al.'* died. However, 
animals given as many as 50,000 larvae by 
Michel survived 

liad the test more 
adverse environmental and 
greater exposure to bacterial and viral res 
piratory disease the percentage of fatali- 
ties probably would have increased. Most 
animals in these tests survived exposure to 
as many as 20,000 larvae but, apparently 
as a result of the damage caused by such 
exposure, P?, multocida may, as in calf 69, 


occurred 


lungs of 


some 


under 
conditions 


animals been 


become a serious pathogen and contribute 
to, or cause, death. Also, prolonged, more 
or less daily, infection with a relatively 
small number of larvae, as in calf 66, and 
as presumably may occur on pastures, ap 
parently can devitalize the lung or reduce 
resistance enough to allow I’. multocida at 
least to contribute to a fatal pneumonia 

The etiological agent of the cuffing pneu 
monia deseribed by Jarrett ef al.’*** in 
some lungworm cases is uncertain, but may 
be viral. In the present work, no attempt 
was made to isolate any virus from fatal 
However, the many other 
calves simultaneously housed in the same 
premises with the test animals suffered any 
respiratory disturbances. The histopatho 
logical findings in fatal cases did not show 
any peribronchiolar cuffing, described by 
Jarrett et al.’ as a characteristic lesion of 
cuffing pneumonia, nor any extensive epi 
thelization of the alveoli, such as they re- 
ported. Therefore, provisionally at least 
the writers must attribute death to lung 
worm disease per se in those cases where 
the bacterial findings were negative 
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Porter and Cauthen apparently 
cluded from their experiment that year 
lings may be age-resistant to lungworm in 


econ 


festatien to a considerable degree. In the 


present tests, yearling 186 was highly sus 
ceptible to infestation Its death 
however, definitely attributed to lungworm 
for the reasons explained 


was not, 
disease per sé, 
elsewhere. It appears 
think that such an animal, because of the 
of its lungs, might tolerate the 


also reasonable to 
larger sige 
infection 
fatal 


same degree of and 


by, lungworms that appeared to be 


exposure to, 


per se to young animals 

Attention has been called to the presence 
of microscopic worms in the lungs of calves 
three to four weeks after initial 
This phenomenon, which is interpreted as 
evidence of resistance, 
ported by Michel Death caused solely 
by microscopic forms of D. filaria has been 
produced inl sheep and, 
ealf given a 
larvae died 
lungs had 


such a 


infection 


also has been re 


experimentally 
in the 
large number of D 
before the 


present tests, a very 


worms reaching Its 
time to become 
the cause of death 


MAacroscople In 
CAaSe, can not be diag 
nosed by ordinary methods of examination 
of the lungs at necropsy. Workers investi 
gating the etiology of pneumonic diseases 
in cattle in the field should be alert to the 
possibility of what might be termed ** fatal 
larval lungworm disease’’ in young, as well 
as older, stock and should not exelude it as 
a factor except on the basis of suitable lab 
oratory 

It was estimated that 1 animal voided up 
to 33,000,000 first-stage larvae during the 
initial infection. However, 
the inefficiency of the Baermann apparatus 
in the of larvae is well 
and the actual total output probably 
considerably larger than this figure 
cates. The extent to which an in 
fected individual animal can quickly con 
taminate a pasture is further suggested by 
recovery of 5.000 000 
24-hour fecal output of 1 test animal 


procedures 


eourse of its 
recovery known, 
was 
indy 


great 


a 
The 


great potential danger of such an individ 


over larvac 


ual to other stock is obvious since ingestion 


infe 


of a comparatively small number of 


death of 


tive larvae can result in the 


suscept ible calf 


SUMMARY 


Twenty calves and yearlings 
5.000 to 750.000 


divided 


given infective lar 


single 0 doses and all vere 


INFRE 
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infection with Dicty 
Mature or nearly ma 
ture worms developed in all animals that 
lived three weeks or longer The prepatent 
period varied from 21 to 30 days and the 
patent period from 27 to 72 days. All of 7 

received 30,000, or more, lar 

Two of 13 that 


died 

30,000 died, but Pas 
multocida was considered a pos 
their death 


pulmonary 


ceptible to initial 


ocaulus viviparus 


animals that 
Vae mn dose 
received 
teurella 


sible 


one 
fewer than 
factor in Coughing, 
rales, polypnea, emphysema, 
expiratory grunt, pyrexia, dehydration, 
diarrhea, 
observed in the infected animals 
neither the rapidity of onset nor the sever 
ity of the 
to the number of 
lethal 
Significant 
of the 
worms ith 


anorexia, and constipation were 


llowever, 


clinical was proportionate 
larvae administered. Sub 


infections caused poor weight gains 


found in all 
the 
died a 


worm loads were 
nine fatal 
the lungs of a 
after it 


macroscopically 


none of 
calf that 
750,000 larvae were 

The 
some microscopic immature worms three to 
after with a 
larvae either a natural, 
Inter 
emphysema were 
but the de 
involvement varied 
Histopathological findings were suggestive 


cases, but 
week received 

visible presence of 
infection single 
indicated 


four weeks 
dose of 
acquired, resistance 


subpleural 


or a 


stitial 


rapidly 
and 
findings at 


constant necropsy, 


gree of pneumonic 
estimated 
calf 


many as 


of bronchopneumonia. It was 
that a infected 
contaminate a pasture with as 
33,000,000 larvae 


single initially can 
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The Resistance of Milk Samples to the Activity of 
Streptococcus Agalactiae as Affected by Pasture 


W. D. POUNDEN, D.V.M., Ph.D.; NORMA A. FRANK, M.S.; W. C. KRAUSS, B.S. 


Wooste Ohio 


K NOWLEDGI may 
be involved in the resistance of dairy cat 
tle to mastitis infections and satisfactory 
means for investigating this problem are 
rather limited. One approach has been to 
study the resistance of milk samples to the 
action of Streptococcus agalactiac The 
rations fed have the factors 
that seemed to be related to the differences 
encountered Milk 
ples from relatively 
grade hay, timothy, as the 
roughage were compared for a limited pe 
riod with those from cows fed forage-crop 
silage and alfalfa hay Acid production 
by the Streptococcus was the criterion used 
and this was greater in samples from the 
former than in those from the latter ani 
mals. The greater acid production in the 
milk from the anmals fed timothy hay was 
interpreted to mean that the milk was less 
resistant to streptoceccal activity. Further 
studies have been made of the resistance of 
milk samples from cows on different for 
ages. The present report concerns exami 
nation of samples from animals on pasture 


of factors that possibly 


been among 


between samples sam 


COWS receiving low 


sole 


mostly 


EXPERIMENTAL PROCEDURE 


milk 
groups of 


week] 


compared during 


Quarter samples collected from 
three 
the pasture 


were fed hay 


dairy cows were 
1952. Prior 
alfalfa, forage crop 
17 cows in group 1 (6 Holstein 
grazed on blue 


senson of 


to pasture they 
mostly silage, 
grain. The 

and 11 


pasture for 


and 
Jerseys 


their 


Friesians 
the 23 Jersevs, 


were 
roughage component and 
comprising group 2, wer pastured 
14 cows (7 Hol 
Jerseys) in group 3 wer 
fed mixed 


The milk samples were 


on legume and brome grass. The 


stein-Friesians and 7 


not on pasture but, for roughage, were 


hay, mostly timothy. asep 


tically collected in the within two hours 


after the ar 


morning 


mais were 


milked. Using procedures 
deseribed, 


similar to those 10-ml, quar 


tities of 


previously 


milk were exposed to the action 


From the partment of Vete 


ricultural | veriment Station 


and Parasite Research jran 
Service, U.8.D.A., cooperating 
Grateful acknowledgment is 
from the Dair 


from 


Laborator Purdue Un 


obtained Department 


Agricultural Experiment Station and 
Anderson, Statistical 


fayette, Ind 


Streptococcus. Each sample was placed in a tube 


containing bromeresol and inoculated 


with the 


wis 


purple 
strain of Str. agalactiae as the one 
After 
formation was 
sample back to 


purple 


used in the earlier work incubation for 24 


hours, measurement of acid 
plished by 
mately the 
NaOH 


Average 


titrating each ipproxi 
original bromecresol color, using 


NaOH 
during the 


quantities of required 


tralize the acid month prior to going 


thre« groups 
to the 


on pasture were the same for all 


ml \ 
tion of 


marked loss in resistance forma 


acid developed in samples from cows in 
after 
resistance of the 


both 


groups 1 and immediately 


ture The 


going on pa 
milk 


past ire 


change in the 


samples oeeurred within a week in 


beenuse the 


week, the 


groups It beeame mors notieeabl 
animals did not go on pasture the same 
date being April 22 for the 
May | for the grass p 
quantities of NaOH required for the first 
on pasture were, for group 1, 
for group 2 in contrast to 
graph 2 These 
20.2 per cent for 
group 
per cent for group 3 
Smaller 


study 


legume pasture, and 


isture (graph 1 Average 


month 


and 3.0 ml 


7 mil. for grouy 
figures represet an inerens 
group 1 


prepasture 


and 25.0 per eent 


2 over the iverage but only 


available for 


part of the 1953 


groups of animals were 
early 


weekly 


similar during the 
season 1954 The 
ties of sodium hydroxide 
(table 1 for 


three 


and in average quanti 


required are summarized 


samples collected from animals dur 


ing the weeks before pasture and during 


the first month on pasture in the three years, The 


figures for three weeks prior to pasture ere 


instead of four weeks, as this made it po 


use a similar time for all three yenur 


period of 
animals for which 

tilable Four cows 
this ) eeau ‘ time of 

too late ry making three 
Included also in the 
eondueted 


and to inelude number of 


fourth test re 
omitted from 
freshening 
ifions 


prepasture obsery 


table is a summary of testes 


during the same periods on other ani 


mals hich did not go to pasture but which were 


fed dry feeds consisting only of hay and grais 


The changes from winter 
ind 1954 


definite 


* not accompanied in the 
changes in the quantit 
droxide 


needed in the titrations 


though the trends were 
done by the people 

which helped rule out the 

a human element was involved in the 
The data table 1 for 


hay and grain during the 


possibi j 
differences 
the 


periods that the other 


given in 


4 . 
= | 
to new 
id 
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TABLE i—The Average Quantity of 0.1N NaOH Required to Neutralize Acid Formed by 
Streptococcus Agalactiae in 10.0-ml. Milk Samples from Cows Changed from Dry Feed to 
Pasture 


weekly 


include 4 cows in 1953 
addition to the 14 


titrations for 


ere put out to 
1054, in 


previously for 1952 The 


pasture 
md 2 in mentioned 
nve ruge 


xe 20 head show ar 


four test 


the samples from the 
for the period 
which the 


increase 
covered by the 


first 


during 


other cows were on pasture, over 


the prepasture time However, the increase was 


smmller and less abrupt than in the samples from 


the cows on pasture Checking these 


animals pro 


vided somewhat of an additional control even 


because most of 


about the 


though not them 
were taken off 


is the others 


an adequate one 


silage on of same time 
from 
diet 


tend to become less resistant to acid formation by 


went to pasture and samples 


some animals restricted to a hay and grain 


Str. agalactiae,’ 
The differences in quantities of sodium hydrox 


ide required to neutralize the acid in the milk 


samples during the prepasture and pasture feeding 


periods were subjected to statistical analysis. The 


procedure used was an analysis of variance” in 


volving calculation of ‘‘F values’’ which provide 


expressions of the significance of differences when 


compared with tables of established values. The 


mi. O.1N NoOH 


4/7 4/14 4/2! 4/28 5/5 


NaOH 


On pasture 


F value for the 1952 prepasture d pasture com 


parison was 27.15 where the 1.0 cent level was 


7.44 
cated, The significances 
when the F 


1.0 per eent and per cent 


a high degree of significance was indi 
1953 and 1954 
with the 
wing 6.76 and 
pectively When the om all 


thus 
wis i s tor 
values were ) ‘ 
Tre three 


ars were consolidated 


F 
level of 


during the 


value 


vas obtained, 3 with 0 per cent 
probability 6.7 Th sane 
the cows on ¢ feed was significant 


cent level of 


periods for 
at the 5.0 per probability for the 


14 animals in 1952 1 at the 1.0 per cent level 


for the three years 1 oO head with an F 


value of 8.3. Thus the 
of NaOH 


fed animals were 


increases in the quantities 


required for samples from the pasture 


much me¢ ignificant than those 
from animals on dry fees 

A further increase occurred i iverage quan 
tities of NaOH required t utralize the 
both 


acid 


formed in the samples from pasture groups 


month (June on 1952 
peak for the 


during the 


in the second pasture in 


(graph 2 A early 


pasture 
econd veek of this 


phase 


Wiis reached 


Legume Pasture 
Grass Pasture 
—— Dry Feed 


+ First Pasture 


6/9 


4 
$/12 5/19 5/26 6/2 


Graph 1—Average quantities of 0.1N NaOH required to neutralize the acid formed by Strepto 
coccus agalactiae in weekly milk samples collected from cows fed dry feeds and others changed 
from dry feeds to pasture. 
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month 
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groups 


wer 


iverage 


reser 


for 


ml. 0.1N NaOH 


in 


the 


Mont! 
were 


RESISTANCI 


or MILK SAMPLES TO StREPTOCOCCUS AGALACTIAI 


to failing ind 


i mid October 


average quantities for both of September support pasture 
the silage feeding was start wher 


three 


mi., 


same, 3.3 


the 


were 
iilable for a dn 
The result 


1954 diffe 


ense over prepastu onti all group given simi 


er average quantity, Data were av umber of 


cent the 1954 


throughout 
the 


per 


were 
rather s 
uuntered 


However 
it 


during ay 
ding 


middle of J 


resisth 


ocr tine 


of milk samples te 


The loss ot 


production 


resistance 


acid by Ntr. agalactiae when 


changed to parallels the 


cows are pasture 
rather frequently encountered clinical pi 
ot associated with this « 
vanism Murphy ' deseribed 
siderable 
herd during 


Thi 


mastitis 


ith 


ture 
xample 


mstances which 


In mastitis occurred in a lara 


the 
happened in two different 
he had the herd 
number of herd 


yeeks on 


earlier iW pa 


eral 


A 


mals had 


sa 


----- Legume Pasture 1952 

— — Grass Pasture 1952 
Dry Feed 1952 

1954 


Pasture 


Apr. 
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Graph 2—Monthly average quantities of 0.1N NaOH required to neutralize the acid formed by 
Steptococcus agalactiae in weekly milk samples collected from cows fed dry feeds and others 


on pastures 
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tered over the years including several when 
condueting field control studies.* For in- 
stance, early in the season two neighboring 
herds were turned out to pasture into fields 
bordering on a river bank. Within a month 
there were eight cases of mastitis among 
the 15 cows in one herd and almost as high 
a proportion among the 23 cows in the 
other. When a single check of these herds 
was made, Str, agalactiae was isolated from 
almost all the affected animals 

Two other herds were brought to our 
attention early in August because both had 
encountered extensive trouble with masti 
tis during the preceding months. Eight 
cows with active cases and 13 others with 
histories of recent attacks were present in 
one herd of 32 animals. There were 19 
affected animals out of 27 in the other 
herd. Again Str. agalactiae was present 
in milk samples from most of the animals 
Faulty milking practices and mismanage 
ment procedures commonly associated with 
mastitis problems were not present in these 
herds and all were owned and operated 
by experienced dairymen, Unexplainable 
herd problems, such as these, stimulated 
the search for methods that might provide 
indication of relative differences in 
resistance to the disease 


sOoTne 


In discussing the factors that might be 
involved in stimulating the attacks, Mur 
phy’? that they were 
either by a direct action of weather, as in 
chilling, or by an indirect action on the 
chemical composition of the forage. As 
weather temperatures were not unusually 
low it would seem more reasonable that 
the effect indirect and through the 
feed consumed. This concept logically can 
apply to both the mastitis problem as ob 
served by Murphy! and the milk resist 
ance observations reported here 
there appeared to be a relationship be 
tween the available pasture and the re 
sistance level of the milk. The pasture 
varied with the weather so that the lat 
ter indirectly affected the resistance level 
Rainfall was quite good in 1952. Pasture 


considered caused 


was 


because 


FRANK 
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grass was relatively plentiful in late Au- 
gust and early September following August 
rains and resistance levels decreased. The 
opposite was true of the weather during 
the 1954 season, and resistance levels were 
maintained quite well. Thus, another point 
in common is the variation between years. 
Further support for the concept that the 
effect was through the feed is provided by 
the silage feeding results * in which a feed 
change was associated with a loss in milk 
resistance. 
SUMMARY 


Weekly milk samples were obtained from 
cows just prior to and after the cows were 
turned on pasture and were tested for re 
sistance to acid production by Streptococ 
cus agalactiae. Samples collected in the 
weeks immediately after the feed change 
were than those obtained 
prior Partial recovery in 
this main 
summer in one 


less resistant 
to the change 
follow ed 


the 


and was 


the 


resistance 


tained to end of 


year but, in another, further losses again 


occurred 

A paralleling situation 
the 
resistance of the samples from the experi 
mental herds, and the onset in other herds 
of extensive mastitis problems associated 
with Str. agalactiac 


was noted be 


tween seasonal losses encountered in 
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Rations of alfalfa hay, silage, and grain 
are considered among the better ones for 
dairy cows judged on their nutritive value 
and on their ability to stimulate and main- 
tain milk production. Preliminary studies 
indicated that these rations were satisfac 
tory for maintaining milk 
samples, to acid production by Streptococ 
cus agalactiae but the experimental period 
few 


resistance, in 


was short, being limited to a weeks 
The method to determine 
was based on the relative quantity of so 
dium hydroxide required to neutralize the 
acid formed by the Streptococcus when in 
cubated in the milk samples.° A compari 
son of this method as a measure of resist 


used resistance 


ance of milk samples with one based on 
increases in numbers of the streptococci in 
the samples failed to show a relationship 

In some years, a trend toward losses in 
resistance of milk samples was observed 
when animals were first turned out to pas 
ture. This was particularly true in 
season. Furthermore differences 
served, between years, in the level of re 
sistance to acid production that could be 
during the remainder of the 
More gradual loss in re 
sistance was encountered in samples from 
fed only of hay 
and grain 


one 


were ob 
maintained 
pasture period 


rations composed 


COWS 


EXPERIMENTAL PROCEDURE 
1951, 1952, and 1954 


this resist 


Opportunities existed in 


to study the oeceurrence of changes in 
rations ¢on 


Herds 
start of 


winter 


grain 
prior to the 


anee when animals went on 


silage, hay, and main 
different 
feeding 


levels of the 


sisting of 
tained on rations 
included 


milk 


the silage were 


Resistance: samples, to acid 
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were determined in 
Quarter 
within 


produc tion by Str. agalactiae, 
the same manner as pre viously described. 
samples were collected aseptically two 
the morning milking on one day each 
10-ml 


with a 


hours after 
week 


sample were 


quantities of each 


strain of Str 


Subsequently 
inoculated aga 
addition of 
Hotis test 


4 hours, the samples were titrated back 


lactiae with bromeresol purple as is 


done in the incubation at 
7C. for 
to approximate 
NaOH 
Kffect of Addition of Silage 
Ration A loss in this 
1951, 
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per day per animal, was added to a 
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Holstein 
silage or 
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this many animals, these 


grain and medium quality 


little 


ration of 
clover, fed to 7 
had 


18 months 


mixed with a 


Friesian cows which been without 
pasture for at least 
contained more than twice 
production continuously 
feed When the 


sodium used in 


7 were the only cows in 


through this period of change 


average quantities of hydroxide 
the titration of milk 


table 1), for the 


cows was re 


tests before 


these 7 


weekly 


from 


corded four 


TABLE 1—The Average Quantity of 0.1N NaOH 

Required to Neutralize Acid Formed by Strepto 

coccus Agalactiae in 10.0-ml. Milk Samples Col 

lected Once Each Week from 7 Cows on Addition 
of Corn Silage to a Hay and Grain Ration 
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after starting the feeding of silage, it was 
that large 


droxide, indicating lowered resistance of the 


and 


seen relatively increases in sodium hy 


following the beginning of silage feeding, on Nov 
29, 1951. The higher readings persisted through 


were required during the weeks immediately 


out December then gradually lessened in January. 
They continued to drop to the extent that in Feb 
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TABLE 2—The Average Quantity of 0.1N NaOH 
Required to Neutralize Acid Formed by Strepto 
coccus Agalactiae in 10.0-ml. Milk Samples Col 
lected Once Each Week from Cows Changed from 
Pasture to Rations of Hay, Silage, and Grain 
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TABLE 4 Average Quantities of 0.1N NaOH 
Required to Neutralize Acid Formed by Strepto 
coccus Agalactiae in 10.0-ml. Milk Samples Col hI 
lected Once Each Week from Cows Receiving “'" emphasis, if not the major emphasis 
Forage-Crop Silage as a Major Component of In the programs stressed in this and neigh 
heir Roughage Ration 


roughages in dairy cattle feeding. Use of 


forage-crop silage has received considet 


boring states. Although experience with 
experimental and farm herds has been very 
limited, it has provided support for the 
idea F the feeding program mas have 
some « in the control of mastitis asso 
clated with this organism 
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An Agent Enhancing Listeriosis of Sheep 


C. OLSON, D.V.M., Ph.D., and D. SEGRE, D.V.M., M.S. 


Lincoln, Vi hraska 


Listeria monoe ylogenes usually has been ac il - Listeria during an outbreak of li 
cepted as the causative agent of ‘circling rm bsequently, listeriosis was more preva 
disease’’ of sheep since Gill’s report! in ! i the sheep so treated than in the untreated 
1931. Listeria can be isolated from most indicating that subcutaneous injection 
technique is used ;* however, fulfillment of 
the second of Koch’s postulates, that is, 
production of the disease in sheep by in 


oculation with a culture of the microor 


Irregular results have been reported 
intranasal exposure with L. monocytogene 
observed nervous symptoms and death in 
sheep, seven and eight days after intrana 

Junghert is unable to produes 
ganism has been more difficult - sheep ntrar il exposure 

This report describes experiments in _ reported negati ts in trials with 20 anima 
which listeriosis was regularly produced in Olson et al.” f produce listeriosi 
sheep by simultaneous exposure to L. mono heep exposed intranasally, 
4a transient bacteremia on the seeond and 


days after inoculation. Osebold and Inouye 


ilthough in 1 
cytogenes and a virus-like agent. The agent 
was isolated during a natural outbreak of 


ported an elevation of temperature and inere 
listeriosis 


neutrophi in 3 lambs and in 1 ewe exposed 
Mation of sheep vith nasally but there is no elinieal evidences 


teria | been tried, Intracerebral exposure 


heep is ially fatal in 24 to 72 hours Gill * 


in the central nervous system 


Other methods of experimental expo 
reported ence alitis and death in seven days after , 
in the literature include intrarumes 
injection of eria into the earotid artery of 1 wn < 

id } } junetival instillation exposure of the ¥ 
sheep and Jungherr reported death in S hours » 
2 cosa and of the submucosa of the prepuce 
in 1 sheep similarly exposed. Olafson”® stated that : 
injection into the mediar irtery rypiecal 
**jnoeculation into the earotid artery destroys sheep . 
: cephalitis did not oeeur in the he« p thus exposed 
about as quickly as intracerebral inoculatior iH 
Asahi an osoda recently reported the deve 
Biester and Sehwarte*® observed only a rise in v + 
opment of types steriosis in 4 0 routs which 

body temperature followed by recovery after intra pica: uM 
; r ived teria in the submuco of the lip 

earotid exposure Olson et al reported death of 


of 8 goats given rough feed contaminated 


19 sheep ix to 63 days after intraearotid expo 
I 
Listeria developed the diseas Ihe iuthors 


sure In another eries of experiment 


sheep inoculated by way of the carotid artery gested that the rough feed produced small wo 


in the oral mucosa through which Listeria 
later There was also a distinet . 

entrance 
differences i pathogenicity between two 


Listeria for comparable test sheep From this brief review 


Intravenous exposure was usually followe duce listeriosis in sheep, app 
n inerens 1 temperature ind marked mental duction of the disease has 
philia Encephalitis and death did not u consist ly only by intracerebral 
occur though Graham t al*™ \ the Listeria organism 


encephaliti ind death P14 whe ia unné , Other factors have 


d is Ison and co-v id der the organi 


caused death of rar \ animals more suseeptible 
mouths old by intravenous inocul: rson ) ved that most outhbreal 
Subcutaneous injection of L. monocytogenes is s occur in flocks fed silage Thi 
without effeet Bieste and hwarte * been confirmed b other worker 


produced nervous symptoms and death in 1 sheep relation of silage to listeriosis was put 
after a series of 15 subcutaneous and intramuseu but the experimenta 
injections.” Olson et al.” attempted to immunize o demonstrable effeet on 
a large number of sheep by two subcutaneous in matersenes 
Olson and co-workers injected 


the approval of tl as ours f brain and lung from a which died wit 


series, Nebraska Ag t tatio malignant eatarrhal fever. Only 3 of the 8 ani 
This investigation i supported mals died and L. monocytogenes was isolated from 
search grant from the Division of Resear t} 

Fellowships of the National Institutes elf Drains and visceral organ us result wa 
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examined were 
the 


and 


oceasionally 


the of 


Also 
fluid, 
infraorbital, 


tryptose broth 


cerebrospinal root trigeminal 


the maxillary 


herve, lingual 


branches of the trigeminal nerve, the sciatic 


nerve, the pharyngeal, parotid, and submaxillary 


TABLE 1—Results of Exposure of Sheep to Listeria 
Monocytogenes in Combination with Listeriosis- 
Enhancing Agent (LEA) or Alone 
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or the tissues 
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ind prefemoral lymph 
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that cultured 


Two 


were 
methods followed exposing sheep 
and LEA In method 1, 
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and 
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inoculated 
lated both intravenously mil 
(1 ml This method be 
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of chicken 
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mixed inoculated 
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normal 
to 


tissues from 


with a suspension 


were made 
effect 
eattle 
In 


embryos, Several 


strate a listeriosis-enhancing with suspen 


sions of lymph node tissue from which 
died with suspected viral infections 
the clearly 
information was used as control data 
Serum neutralization of LEA 


sheep which had been hyper 


those 


where results were negative, 


wis ittempted 


using serums from 
immunized by 


known 


intravenous injections of 


LEA 


repe ated 


to eontamn 


material 


RESULTS 

animals received Lis 
teria intravenously with LEA (exposure 
method 1, table 1] All died, and L 
cytoqgenes Was recovered from their central 
Seven susceptible sheep 


Sey en suscept ible 


nervous 
received organisms with LEA intranasally 
method table 1 Six of the animals 
developed listeriosis and 1 survived 
Twenty-one susceptible sheep were inocu 
lated intravenously with Listeria but did 
not the LEA. Six of these devel 
oped listeriosis and 1 survived the diseas 


recelve 
Four sheep were exposed intranasally 
Listeria only and none de veloped listeriosis 

Ten exposed intranasally 


to Listeria chicken 


vere 


with 


she ep 


normal embry 
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suspension or lymph node material from 
cattle One of received L 
monocytogenes and normal chicken embryo 
listeriosis in ZS days 
and died ten days later. Thus 29 
per 6 of 21) of the control sheep 
those which did not receive LEA 
lated intravenously listeriosis 


and about 7 


these which 


material developed 
about 


cent 
mocu 
developed 
1 of 14 


trols exposed intranasally died 


per cent of the con 
SHEEP i79 


@—@ LYMPHOCYTES @--@ MYELOCYTES 


O=—O NEUTROPHILS @—@ TEMPERATURE 


20,000 


CELLS PER MM” BLOOD 


TEMPERATURE 


-2 -| O 

DAYS 

Fig. 1—Leukocyte and temperature response of a 
sheep which received Listeria intravenously with 
listeriosis-enhancing agent and died six days later 
Note the elevation of temperature and increase ot 
neutrophils with myelocytes following exposure 
Lymphocytes dropped to a low level prior to death 
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The sheep exposed intravenously to LEA 
and Listeria had no clearly defined ineu 
bation period for there was an immediate 
reaction of leukocytes, fever, (fig. 1) and 
general depression which continued until 
death this 
649, an adult ewe which developed ners 


One exception to was sheep 
ous symptoms 33 days after exposure 
After intranasal exposure to Listeria and 
LEA there was usually an initial febrile 
and neutrophil reaction which subsided and 
returned with the onset of nervous symp 
toms (fig. 2). The symptoms were variable 
but ineluded 
ing of an ear, paralysis of lower jaw, and 
sometimes complete inability to 
Most affected had a thick, 
cious, grey-white discharge of mucus from 
The incubation period 
exposure to de 
was fairly 


lameness, torticollis, droop 


stand 


animals tena 


the nostrils (fig. 3 
(interval from intranasal 
velopment of nervous symptoms 
uniform, varying from 18 to 22 days. Lis 
teria monocytogenes was isolated from or 
gans or tissues of all the experimental sheep 
which died. With only 1 exception, the 
animals exposed intravenously had Listeria 
in both and the 
whereas the sheep exposed intranasally had 


viscera nervous system 


Sweer 


CELLS PER BLOOD 


TEMPERATURE 


OLSON AND D 
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Listeria in only the central nervous system 
table 2 


Two ewes which received and 


LEA intravenously reacted similarly to the 


Listeria 


lambs of the same group, except that 1 of 
the sheep (sheep 649) developed listeriosis 
after a long period 
killed on the thirty-sixth day 
Significant 
only in those sheep which received Listeria 


incubation and was 


gross pathology was noted 
intravenously and died within eight days 
after exposure. In animals, numer 
foci were scattered throughout 
the liver. Three of the receiving 
Listeria with LEA had 
lesions in the liver at necropsy 5, 18, 


22 days after exposure. The 
accumulations of 


these 
ous small 
sheep 
small MICrOscopie 
and 
lesions ¢on 
focal neutro 
phils (polymorphonuclear leukocytes) and 
polyblasts histiocytes 
some of which 
tive changes. Necrosis was not confined to 
cells in the center of the but was 
rather distributed throughout the lesion 
fig. 4 These located in the liver 
lobule without particular association with 
the periportal area or central vein. 

The group receiving Listeria plus LEA 


sisted of 


ly mphocy tes and 


were undergoing degenera 
ass 


were 


Fig. 2—Leukocyte and 
temperature response of 
a sheep which received 
Listeria intranasally with 
listeriosis - enhancing 
agent. Note temperature 
elevation and response of 
neutrophils three days 
after exposure with a 
trend toward a normal 
level until the twenty-first 
day when the first signs 
of brain disturbance were 
seen. Lymphocyte levels 
remained quite constant. 
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AGENT 


intranasally consistently had _ relatively 
marked lesions in the brain stem consisting 
principally of polyblasts which usually 


localized around blood vessels. Some neu 


trophils and polyblasts were scattered dif 


fusely in the brain stem (fig. 5). In some 
cases, the infiltration was more marked on 
one side of the brain stem than the other 
Similar observed in several 
cases at the base of the cerebellum (fig. 6 

There were lesions of the lumbar portion 
of the spinal cord in three cases of listeri 
osis produced by the organism with LEA 
In one case a neutrophilic infiltration ex 


tended into the nerve roots (fig. 7 In the 
men 


lesions were 


same section, there was also marked 
ingitis (fig. 8). The lesions in the spinal 
cord perivascular infiltrations with 
polyblasts, which seemed to extend from 
the meninges, infiltra 
tion with neutrophils and local edema (fig 
9). The trigeminal nerve root exam 
ined in 4 of the sheep receiving Listeria 
plus LEA intranasally, and in 3 there was 
a definite polyblastic infiltration extending 
into the root of the trigeminal nerve. The 
microscopic these were 
quite similar to what has been observed in 


were 


and some areas of 


Was 


lesions in sheep 
natural cases of listeriosis 

Three of the sheep W hich received Lis 
LEA intranasally had an in 
nuclei in the glomeruli of the 
similar reaction was seen in ] 
Listeria 


teria with 
crease of 
kidney. A 
sheep which received only intra 
nasally so the significance of the reaction 
was not clear 

There was a general correlation between 
lesions and positive bacterial findings in 
the experimental animals. The association 
of the and successful 
Listeria more like the 
ease in those sheep which received Listeria 
and LEA intranasally than in the other 
combinations of exposure 


isolation of 
natural dis 


lesions 


was 


TABLE 2—Bacteremia, Survival Time, and Distribution of 
Following Exposure to Listeria Monocytogenes Alone or 


ENHANCING LISTERIOSIS OF 


SHEEP 


Fig. 3—Nasal discharge and paralysis of right ear 
23 days after intranasal exposure to Listeria and 
listeriosis-enhancing agent. 


Apparently LEA plays a definite role in 
Listeria and in the 
Kor 


7 sheep which were exposed by 


aiding the entrance of 
pathogenesis of the infection exam 
ple, 6 of 
inoculation with a mixture of 
Listeria LEA developed 
The incubation period of about three 


Xpostre and 


intranasal 
and listeriosis 
weeks 
be fore 


following intranasal 


development of nervous 
quite The 


duced disease was very similar to the dis 


Syinptoms Was 


uniform experimentally pro 


observed in natural outbreaks in 
contrast, 4 


Listeria intranasally and did not de 


ease 


sheep. By sheep were given 
only 
velop listeriosis. An additional group of 
10 control animals received Listeria with 
devoid of LEA and only 1 devel 
Other 


ults 


TISSUES 


oped listeriosis worker have 


reported negative re from intranasal 


Listeria 
in Combination 


in Sheep Which Died 
with Listeriosis 


Enhancing Agent (LEA) 


void of LEA 


IN de 


ntravenously IN intranass 


Bacterer 


oe 
¥ 
Dist LON 
No Ne First j t ‘ ted 
Methe l of expo ire exposed died detected ia ‘ era 
1 Listeria LEA 7 ‘ 
I teria IV | 5 14 
2 Listeria IN LEA 5 
CNS entra) nervous syster 
‘ 
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exposure, Gill*® reported that 2 of 3 sheep In the naturally occurring disease, the or 
exposed intranasally developed listeriosis. ganisms are usually confined to the central 
Osebold and Inouye '® gave Listeria intra- nervous system,'® whereas in animals ex 
nasally to 2 sheep then killed them six and posed intravenously, Listeria were found 
15 days later. Nervous symptoms did not generally distributed in the visceral or 
develop but Listeria were recovered from gans as well as in the central nervous 
the olfactory bulb of 1 and the medulla = system 
oblongata of the other. Some observations have been made on 
When Listeria were given intravenously, the listerlosis-enhancing agent. It has been 
about one-fourth of the sheep died with propagated serially in the chicken embryo 
listeriosis. Other investigators obtained es- by inoculation into both allantoic sae and 
sentially similar results from intravenous yolk sac. The agent has also been propa 
exposure ; When LEA was given to gated in tissue culture with HeLa cells 
the sheep which received Listeria intra- through five passages. Two sheep inocu 
venously all of the animals died. LEA was lated intranasally with Listeria and ma 
given both intravenously and intranasally terial of the last tissue culture transfer 
to sheep, so there was no evidence of the developed listeriosis. The agent contained 
relative importance of intravenous and in- in blood from sheep 124 was found active 
tranasal exposure of LEA after being stored at —60 C. for 18 months 
In some additional experiments, a small Filtration trials with LEA have not been 
number of Listeria were given intrave- conducted. The agent ean proliferate in 
nously in combination with LEA. Two but not cause death of chicken embryos 
lambs survived a single dose of Listeria and cultures of HeLa cells. At this time, 
with LEA and showed no evidence of lis- its existence can be demonstrated only by 
teriosis. Two other lambs and 2 ewes were — production of listeriosis of the central nervy 
repeatedly given small doses (for example, ous system upon simultaneous inoculation 
1 animal received eight small doses of with Listeria into sheep 
Listeria and a single intravenous inocula Other animals in addition to sheep were 
tion with LEA during a four-day period exposed to LEA, alone or in combination 
These 4 animals also remained negative. with Listeria. A 1l-month-old calf was 
Thus, a relatively large dose of Listeria given a mixture of Listeria culture and 
was necessary to demonstrate the effect of LEA in the preseapular lymph node and 
LEA with intravenous inoculation. The intranasally. Two 3-:mnonth-old pigs were 
disease produced In sheep by intravenous exposed intravenously to both Listeria and 


exposure to Listeria and LEA was some- LEA and one 3-month-old pig received 
LE 


what different from the natural disease EA only intravenously. Twenty-four 1 


Legends for Illustrations on Opposite Page 


Fig. 4—Focal lesion in liver of an 8-month-old lamb which died six days after it was given 
Listeria intravenously. Note the mixture of neutrophils and polyblasts, many of which are 
degenerating. x 360. 

Fig. 5—Edge of a localized accumulation of neutrophils in medulla oblongata of a 15-month 
old sheep which died 20 days after it was given Listeria and listeriosis-enhancing agent intra 
nasally. Listeria were isolated only from this portion of the brain. Some polyblasts are also 
present and a moderate proliferation of glial cells. x 380 
Fig. 6—Longitudinal section of blood vessel at base of cerebellum from a 5-month-old lamb 
which died 33 days after intranasai exposure to Listeria. Note the accumulation of polyblasts 
about the vessel without infiltration of adjacent brain substance. x 380 
Fig. 7—Nerve root from lumbar cord of an adult ewe (649) which developed nervous symptoms 
33 days after it received Listeria and listeriosis-enhancing agent intravenously. There were 
marked lesions in the lumbar cord and the focal accumulations of neutrophils can be seen in the 
field illustrated. Axons appear in the cross section. x 470 
Fig. 8—Meningitis about cord in lumbar region from same animal whose lesions of the nerve 
root are shown in figure 7. The subarachnoid infiltration consists principally of polyblasts 
Spinal cord is at the right edge of the illustration and the nerve root at the left edge. x 330 
Fig. 9—Cross section of neural canal and adjacent portion of lumbar cord from a 6-month-old 
lamb which died 23 days after intranasal exposure to Listeria and listeriosis-enhancing agent 
There is a diffuse infiltration with neutrophils near the neural canal, at the bottom of the 
picture, and edema in the nearby white matter. Perivascular infiltrations with polyblasts are 
evident in upper part of photo. x 86 
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week-old chickens were exposed intrave 
nously to both Listeria and LEA, and 4 
received LEA only. Two rabbits received 
LEA intravenously, and 2 by intradermal 
inoculation. Two mice were inoculated in 
tradermally with LEA and 4 were exposed 
intranasally. Only those animals receiving 
Listeria showed evidence of illness and the 
symptoms were those which usually follow 
exposure to Listeria organisms only 

Several unsuccessful attempts were made 
to develop hemagglutination or comple 
ment-fixation tests for the LEA. Attempts 
to obtain neutralization of LEA with 
serum from sheep previously exposed to 
LEA gave inconclusive results 

A search should be made for the ex 
istence of a listeriosis-enhanecing agent in 
other natural outbreaks of the disease in 
cattle and sheep. If such can be found 
its action and characteristics should then 
be compared with the agent deseribed in 
this report. The possible association of 
LEA with silage will require further 
study 

SUMMARY 


A nonbacterial listeriosis-enhancing agent 
(LEA) was isolated from a sheep kept on 
the premises where an outbreak of listeri 
osis had A Jisteriosis-enhancing 
agent given to sheep in combination with 
Listeria monocytogenes resulted in listeri 


osis in nearly all sheep thus exposed. In 


tranasal exposure of sheep to Listeria and 
LEA produced clinical sViptoms of lis 
teriosis in 18 to 22 days and subsequent 
death after a relatively few days. Listeria 
were confined to the central nervous sys 
tem. An infection different from natural 
listeriosis was produced by intravenous 
administration of Listeria with LEA. The 
LEA could be demonstrated only by its 
inoculation into susceptible sheep simul 


taneously with L. monocytogenes 


References 


‘Gill, D 


Zealand Vet 


to lmn 


J 


et 


~ 
RI 

for Isolation of Liste Mor \ 
J. Vet. Re 14 4 

Biester, H. and t or 
i4 

Grahan Robert, D ( 
tud on Lister ‘ I } t 

Olafm Peter t ( 

104 141-1 

Mut { Out ‘ 
J ter ‘ n Ore 1 i 
i 

Schwart H t Liste 
ection in Cattle t 4 

f Pat en Or t 

Jur rr t 

Olson. ¢ ‘ 

(jleor ‘ Bagd \ ( | 
Relatior t t ‘ 
im. J. Vet. Re i4 19 4 

Olsor ( Cook K H nd 
tion of Blood Cel n Exy mental List 
in J Vet lke 11 iv 

Patterson, J. & tud ‘ diet 
Listerella 1\ An Outl uk « t ‘ ated t 
the Recover of Lister a f t orted Fetuse 
Vet J 96 194 

*Grahan K 1 ‘ I 
terello n Domest ‘ Agri 
xpt Sta. Ku sou, 194 

Olsor ( Cook | und Ba An At 
ten pt heep Outbreak of I ter 

Osehbold J ne I Pathe of 
Listeria Monocytogen nfectior atural Host 
heey tudies J. Infect. D 154 

Pallaske W eit t i” er ] 
194 12 14 

Asal ) and Hi ia t ! ter 
Domest Anima nq ri t t Me u 
Spontaneou Infect n Lister ( at led. & 

Kyff J K ancl = Lee \ M t ‘ Report 
f an Outbreak in Wye ! na | 
perimenta Pheray t t 
147-151 

Olson, Bagdona \ I and) Rollis 
( I Unpublished dat 

G. oO Coffmar M I 
I i ulture Stud t 

‘ farcinoma and t Ca i 

- erton, J. M 
tud on the Propa t f ' t V 

\ Circling Disease of heey n Ne thelial for Isolatior Clis 
67, (1931); 60-74 Med., 43, (1954): 28¢ 
0 


Phenothiazine Treatment of Fattening Lambs in Drylot 


P. H. ALLEN, D.V.M., and J. E. OLDFIELD, Ph.D. 


Corvallis, Oregon 


PHENOTHIAZINE has been widely used as an 
hu 
mid or irrigated areas where opportunities 


Numerous ex 


anthelmintic for sheep, particularly in 


for parasitism are greatest 
periments 
been described in the literature 


on its use in such areas 


Zihe Wi on against 


Haen 
ep Sw 


real 


tomum, bertin 


occurring 


40) 


comin 


‘ that 


ted in If 


per 


containing cent phenot 
H 
ooperia 
Singer Baker 

d ly effeet 
Oe sophagostomum columbianum 


aguinst 


emonel 


ongylus p 


imultaneo and te 


rep 


ine seeme ‘ 


phenothiaz 


f 


removal 


tagia irtice 


le effectiv 
Hae MmOnCHKUS 


im Cooperia 


Nematod 


contortus i 


ineffect 
spp., 
investigators 
bn 


and 


pies 
groups 


have 


Strongyloids 


of 


strong “ul 


phenothiazine effective I 


para 
fecal egg counts 


ag 


tock sites of sheep as ‘ 


of 
| 


eontroversial results reported 


degree of 
the dosage ley 


d Baker 


ite 


of 


differences in 


i 


ed 


infected 


tion, or to v in 


thiazine note 

he 
fecal 
fecti 
per cent 


emplo Singer al 
sheep the 


ivi 


count was 66 cent, while in li 


CEE 
ons 


per 
the 
In 


at 


auverag reduction approxima 


trial Robertsor 


tration f three LO-Cir 


phenothi 


0 *moderate infester 


poi 


inefleeti in inere ! 


of 


the number 


lucing 


tmorte 


ned 


in ‘ form at 


bor 


to 


per 


period, 


weight 
Ib 


f ia 


omonth 


f vorn 


Ovesop 
onchu 


ales 


have 


ening 
re porte ‘ 
enothiang 
id 


gain 


period, a rec 


contro! 


hl if Oregon 


identi 
Hae 
trong 


feetion peel ill 


neluce conte 


Tricho 


lia 


some in mone ) 


Ostertagia Nematoe 


chur 


Chahe ovina tfomum 


opt 
spp 


rhe ind (looper 


fliciency of phenothiaz 


mites in from 


brought 


ch for 


a 
ha 


par 


demon eontrol program l 


f 


ibomasi 


iddition timate 


to the 


iten 


im postmortem, 


sheep feeder 
dre 


interest ue 


grade, and 


pores 


fo ited and compared t ul 


irt 


i! 


pheno not zg ro 


ad th 


‘ 


of ti 
i 


gist 
ted 


found 


lot 


il 


Tour 10 


TABLE 1—Comparison of Growth in Treated and 


Untreated Lambs 
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experiment, after 


slaugh 
obtained 


conelusion of the 
feedlot, the 


a group and cureass data were 


vek At the 


‘0 days in the animals were 
tered us 
At the 


lected over 


time of slaughter, blood samples were col 


wodium citrate ind hemoglobin deter 


AND J. E 


OLDFIELD 


compared with 10.5 Gm. in the untreated 


The 


the animals in the 


lambs difference in between 


treated and untreated 


groups proved statistically significant (P 


TABLE 2—Relationship Between Parasite Loads* and Certain Carcass Characteristics 


Treated Group 


Carcass No. of Dress 


grade lambe ing 
Choice 

(iood 

Utility 


nematode parasite 


using the Spencer hemoglobinome 
Optical Co The 
were from the 
tuken to the 
estimated by the 
Prices The 
washed, their content ver 
distilled 
20-ml, sample was 
Petri dish. This 


times, and the results 


minations made 
ter (American ibomasums of 


ill lambs removed viscera at the 


ibattoir and laboratory where the 


nematodes were dilution method 


recommended by abomasums were 


carefully made up to 


1000 mil. with Water and vigorously 


shaken in a jar; a removed for 


counting ruled procedure 


on a 
was repeated five were 
iveraged 


EXPERIMENTAL ResuLTS 


A general summary of the animal growth 
during the experiment is presented in ta 
ble 1. The treated appeared in 
better condition throughout the experi 
ment, this difference is reflected in 
the weight gains. Hemoglobin determina 
slaughter levels of 11.5 
100 ce. in the treated animals, as 


lambs 
and 


tions at revealed 


(im, per 


TREATED 
LAMGS 


UNTREATED 
AMBS 


4. 


WEEKS On TEST 

Graph 1—Average weights of the lambs in the 
phenothiazine-treated and untreated groups during 
the experiment 


ntre 


O01). Since there were appreciable weight 
differences at the start of the experiment, 
analysis of covariance was carried out us 
ing initial weight as the covariant to allow 
for variation of starting weights of the ani 
mals. The weight gains were not sufficiently 
related to initial weight to change the con 
Differences in 
significant P > 


clusions hemoglobin levels 
were not statistically 
There appeared to be an 


sponse to phenothiazine administration in 


immediate re 


terms of increased weight gains among the 


treated lambs. Following the second dos 


age, the weight gains of the treated lambs 
were consistently greater than those of the 
untreated controls for the duration of the 
graph | 


Perhaps even more striking are the rela 


experiment 


tionships between the carcass quality, as 
indicated by government grade and dress 
ing percentage, and the postmortem worm 
abomasum contents 


counts made on the 


considerably lower in 
and the 
higher 

load 


treated and nontreated animals proved sta 


Parasite loads were 
the treated 


were consequent ly 


carcass grades 
table 2 The 
between the 


yroup, 


difference in parasite 
tistically signifieant (P<.0] 

The 
in the abomasums of lambs of 
periment were: Ostertagia 
Haemonchus and 
gylus aret. Although complete differential 
made spp 
far the preva 
Haecmonchus 
» of the 40 lambs 
In addition, intestinal worms were identi 
fied by Baker ™ as follows: Trichostrongy 
lus colubriformis, 7 


encountered 
this ex 


species of matoce 
contortus, Trichostron 


counts were not ()stertagia 


were observed to be by most 
lent in the 


fortus was found in only 


abomasum con 


vilrinus, Coope ria 


curticecs, and Bunostomum trigonoce phalus 


SUMMARY 


An experiment is reported wherein ad 


bad 
Parasite Carca Parasite 
il (iood l 11 
j pr 
/ 
/ 
a 
j 
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T 
HENOTHIAZINE TREATMENT 


ministration of phenothiazine suspension, 
N. F., in two 25-Gm. doses gave beneficial 
responses in fattening lambs under drylot 
conditions in terms of increased weight 


gains and consequently improved carcass 
quality. It would appear that phenothia 


zine is most effective in reducing moder 
ately heavy infections (1,000 to 2,000 
worms per lamb) to a point (500 or less 
where the infection is not so serious 
in its effect upon the lamb as to affect 
weight gains and carcass characteristics 
significantly 
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An Observation on the Relationship of Cobalt Deficiency 
to Internal Parasites of Sheep 


W. L. THRELKELD, Ph.D.; N. O. PRICE, M.S.; W. N. LINKOUS, B.S. 


Blacksburg, Virginia 


In 1949, a project to determine if a rela 

tionship exists between parasitism and 

balt deficiency in ruminants was begun 

this station. The need for cobalt as a 

dietary factor in sheep has been known for , | ’ 

Like ned in 1955 4 epo cobalt defi 

thelmints 


| n 1946 a ry Pope, Phillip 


rich 


if ifi i ‘ ‘ 
vas not attained previou 


Winch te 
trials The lamb 


produced from the 


tilized all trials were 


in 1047 Keener, i his experimenta 
ion, indie maintained under 
complient 


mental 


lamb 
104% Weir com 
itl i mineral ippleme 
lamb \ in initial 
Hlacmonchus contortu 
idditional dose of | 
eceiving 45,000 lat 
initin! dose of 4,000 Ia 
tein ition, died ithin 
taining the higher level 
creased the resistance ¢ 
infection yet more worm 
masum of lambs, whieh rece than in 
LD which did not reeeive minera Whether 
the effeet of the miners ‘ i peeific 
element in the mineralizes I 
not determined 

In 1954, Riehard ef alo in thei 

of Phlebotomy versus Stomach Worm 


that, ‘‘Inereasing the protein ith o ithout 


mineral appeared to be of little ilue i nereas 


ing the resistance of lambs to stomacl yvorm in 


fection.’’ However, these workers” later reported 


ume, 


that the feeding of cobalt and 


tomach By June 


ere factors inerensing re 
orm infeetion grams of hemoglo 
rhe Effeet of Various Mineral ) i Growth veight gains deer 
of Haemonchua contortus Larvae reported thet a cohalt-defs 
by Shumard and Herrick who stated | 
pene feeding be 
material from lamb receiving iodized receive 
baltized salt, salt containing manganese 
ralized salt (Co, Mt re, Cu i ised a8 


mit 
length of the third stage 


culture medium, The 
infective larvae was used as an assa The length 
of the larvae varied significantly aceording to the 


nutrition of the lamb vhich the parents of the 


larvae resided; whereas the variation in eulture 


had little effect on the difference in length 
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CoBALT DEFICIENCY AND INTERNAL PARASITES OF SHEEP 


TABLE 1—Body Weight, Hemoglobin, and Hematocrit Readings in Lambs as Influenced by 
Dietary Cobalt in the Infected and Uninfected Animals 


TABLE 2—Influence of Dietary Cobalt on Parasitic Recoveries and Cobalt Concentration in 
Parasites, Liver, and Rumen Contents of Lambs 
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and 36 were analyzed for cobalt by the method in the livers indicated that the dietary 
mentioned, The samples were thoroughly washed treatment was effective in depleting the 
animals’ stores of cobalt. The data on the 


cobalt concentration in the recovered 


in order to insure minimum surface contamination 
with eobalt Haemonchus worms were classified, 
according to Roberts,’ by the type of their lingui 
worms are of particular interest, since no 
form process A comparison also was made of sis ae , 
published information on this subject was 


the number of gravid HH. contortus females found 
in 100 worms picked at random from infeeted found The results strongly indicate that 


lambs at necropsy the concentration of cobalt in the parasites 
is profoundly influenced by its concentra 
ResuLTs tion in their environment. Furthermore 
The parasitic findings were much greater the direct relationship between cobalt con 
in the lambs receiving cobalt than in the ©¢™tration in parasites and their ability to 
cobalt-deficient groups The number of O propagate, based on the weight of parasites 
corcumewneta and 7. aver encountered com recovered, is an indication that cobalt may 
prised less than 1 per cent of the worms be an element of nutritional importance to 
recovered in all of the lambs and were not the worms. 
considered to have any influence on the It is of interest that the circulating he 
results of this study moglobin continued to decline in heavily 
Hemoglobin, hematocrit, and body parasitized animals receiving cobalt, de 
weight data are recorded (table 1, graphs spite their apparent normal ability to store 
1,2,3). The parasites recovered and the Cobalt in the liver 
cobalt concentration in liver, in rumen 
contents, and in parasites are also recorded Grour Histories 
(table 2). Terminal cobalt concentration Group 1 (Uninfected, Basal Ration, Plus 


l received 
received ybait Ju and peraesites Ju 
head no obelt but eived peresites Jul 


4 received no cobelt end > peresites 


© 1953 1 1 $2 3 


Graph 1—The effect parasitism and dietary cobalt on the packed blood cell volume 
(hematocrit “%) of sheep. 
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Cobalt).—This group of 3 lambs gained 
the most weight despite the fact that lamb 
69 died 
feeding of cobalt was initiated 
had died June } 
in these lambs consisted of focal areas of 
myocardial degeneration. The muscle fi 
bers showed loss of striation, hyalinization 
of the sarcoplasm, and droplet formation ; 
intact nuclei accumula 
tions of histiocytes and lymphocytes in the 
degenerating areas and along the 
tive tissue 


12 days after the experimental 
Lamb 163 
The pathological lesions 


and sarcolemma ; 
eonnec 
septums in unaf 


fected areas 4 


apparently 
and no evidence of regenera 
The cobalt content of their livers was 
slightly lower than that of their group 
mates, 18 and 107, but the data did not 
suggest cobalt depletion Rumen sample 
of lamb 69 was 2.08 p.p.m These 
apparently died of undetermined 
The appetites, 
and the maintenance of normal blood pic 
tures combined with favorable analyses of 
the livers indicated that lambs 18 and 107 
had responded to the weekly administra 
tion of cobalt 

(Infected, 
The 


tion 


lambs 
CAUSES 
increase of 


body weights, 


Basal Ration, 
with H/ 


Plus 


contortus 


Group g 


Cobalt ). infection 


29 


© = 
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there 
of the family 
Trichostrongylidae involved. With the ex 
ception of iG, the health of 
lambs appeared to be about the same, They 
gained 
July 2, until necropsy 


in this group was massive, being 


very few of other species 


lamb these 


weight from the time of infection, 
A decline in hemo 
globin and hematocrit readings began July 
less and 10, re 
168 showed little devia 
This 


in the seven days fol 


% terminating at 6.2 or 
spectively Lamb 
tion from the normal in any respect 
animal gained 2 Ib 
lowing administration of infective larvae 
and maintained this increase in weight un 
til its death two weeks postinfection. Since 
died the 


no eggs appeared in the fecal 


this animal before parasites be 
came mature 
samples and the cobalt in the parasites re 
covered was lower than from other animals 
in this group. All lambs in this group, ex 
cept 96, died 
significant Examination of the 

in lamb 96 revealed that of 100 H/ 
fus individuals selected at random, 40 were 
the and 
that the linguiform processes were of type 
1 in 27, absent in 11 
normal 


before egy counts became 


parasites 

contor 
females, all females were gravid 
and of ab 


2. The 


types $5.6 in average 


Graph 2—The effect of parasitism and dietary cobalt on the hemoglobin content (Gm 
of sheep blood 


100 ml.) 
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1.74 


any of 


The 
the 


length of females was 

the greatest in 
from 16 
£354 in seven days 


parasites 


other lambs possessed either 


egy 


eount lambs 


rose eu 


ves per gram 


The younger contortus ) 
in the unde 
veloped processes Of type l or no process, 
type 
omnized 
of the 


tant 


not be ree 
the 
lambs in this group yielded fairly 
the 
high as in group 1. There was con 
the cobalt 


rumen contents and the ay 


Seymenting eggs could 


Chemical analyses of livers 


con values and average was al 
a 

siderable 
the 


} animals available 


in eoncentra 
tion of 
in the 
that 


iderably 


erage 
half 


On 


Was about 
found in the animals of group 1. ¢ 
more parasites were recovered 
from the lambs in this group than in group 
with the exception 
p.p.m. of cobalt 


recovered 


basal) and 
168, the 
the para 


each lamb in group 


3 infected 
ol lamb 


rreatet 


Was 


ites from 


2 than in the parasite 


recovered from any lamb in group 3 


received cobalt Jur ithout paraeit 


received cobalt June 10 and parasites 


had no cobalt but received parasites 
paresites 


received no cobalt and 


7 if? ai 17 + 


Graph 3—The effect of parasitism and 


Prict 


dietary cobalt on the boa» 


LINKOUS 


(Infected, Basal Ration) 
There was a gradual decrease in 
hemoglobin in all of these 
11.93 less 
average hematocrit readings dropped from 
27 0 to 6.5 t Three 


and 


Group 3 
grams of 


lambs from an 


average of than 5.3 and the 


per cen lambs began to 


lose weight in continued until 


but an maintained its 
had 
ound ith 


It 


because 


Hecropsy, 
of 434 Ib 
balt in 


more co 
the 
parasite 
the 
dis 
tr) 


lamp 


its liver ! Vas 


the 
burden \ lete 


livers of other animals 
rmmed 
digestive tract hi: been accidentally 
Its highs and final 


LON 


Lan b 


carded count of 
chostrongylid-ty 
papi 
recorded Septembe r 


and 
was 
vielded 
tricho 
and 
August 15; 


p.g.of S 


Sti ongyloide 


its final and highest egg f 
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rewiste red 


strongylid-ty pe 
S papillosus, on 
lamb 2S7 papillo 
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chostrongylid type and 1,056 e.p.g. of S More cobalt was found in the worms 
papilosus four days before necropsy covered from the cobalt-fed lambs 

Of 100 Haemonchus taken from lamb from the lambs fed the basal ration only 
108 five weeks postinfection, 51 per cent ol Based on these results, the ability of fl 
the females were not gravid and 20 per contortus larvae to establish themselves 
cent possessed an abnormal linguiform within the host animal appears to be ad 
process I » 100 Haemonchus taken pendent pon the presence ol cobalt in 
from lamb weeks postinteectior the diet of the host animal 
}2! per cent of the females were no Of the animals that died after receiving 
yravid and 1lo per cent possessed an ab infective larvae, those maintained on the 
normal linguiform process. The averag basal ration plus cobalt succumbed quicker 
lengths of the female //. contortus in lambs but mac weight gains than those 
LOS and 143 6 weeks old were 141 em maimtamed on basal ration onls 
and 2.00 em., respectively 

Group 4 lninfected, Basal Ration References 
The biological cord of animal 8&9, which 
died Jun 7 1 » days before cobalt 
in@ Was ith showed a loss of 5 Ib 

veloht 1 less than three weeks. as well a 

drop of 2.1 Gm. in hemoglobin, and four 
| in hematocrit) readings Probably 
the most significant findings were only 
0.004 p.p.m. of cobalt in its liver and 0.005 
ppm. in the rumen contents. Cobalt defi 
Crencey Was manifested in this group in the 


later weeks by the loss in weight, precip 


itous drop in hemoglobin and in hemato 


erit readings and an averaqne cobalt level 


of 0.059 mn the liver 


SUMMARY 


Sixteen lambs were weaned and placed 
on a cobalt-deficient diet within one week 
after birth. Upon the manifestation of co 
balt-deficient symptoms they were sepa 
rated into physiologically similar groups 
of 4 animals each for experimental feeding 
and parasite infection studies 

When compared at necropsy to lambs 
maintained on the basal ration only, thos 
vhich received cobalt also had mors Hac 
monchus contortus;: more of the female ol 
these parasites were gravid; at the same 
postinfection interval, a higher percentage 
of the females had linguiform processe 
types l and 2 and the average lengt! 


of these females as vreatet! 
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Effects of Trace Minerals, Dicalcium Phosphate, Phenothiazine, 
and Combinations of These on the Resistance of Lambs 
to Haemonchus Contortus and Other Nematodes 


R. F. SHUMARD, Ph.D.; R. J. EMERICK, M.S.; W. E. BEMRICK, M.S.; 
C. A. HERRICK, D.Sc.; A. L. POPE, Ph.D.; P. H. PHILLIPS, Ph.D. 
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EXPERIMENTS conducted in drylot with 
of Has monchus 
indicated that addition of trace 


single infection 
contortus 
meal to 
of 
was also 
with 
trace 
the 
their 


mineralized salt and steamed bone 
the diet the 
to the effects of this parasite It 
that when infected 
nematode were cobalt, in 


increased resistance lambs 
lambs 
fed 
‘cobaltized 
rapidly 


observed 
this 
mineralized 
worms matured 
production was greatly increased. It 
therefore, that the in 
to the effects of initial 


contortus, im 


salt or salt, 


more and 
egg 
seemed probable, 
resistance 
infections of H 
pasture, would be offset by the stimulatory 
effect on the development and feeundity 
of the parasites if the fed 


trace-mineralized and bone 


creased 


lambs on 


lambs were 


salt steamed 
meal 
Many 


Habermann, 


investigators, them Shorb and 


Britton et 
and Mayhew 


among 
Andrews et al., 
that 


low 


al,, 


Cauthen,”* have found pheno 


administered eontinuously at levels, 


KE 
retards 


thiazine, 


production of most parasitic nema 


of 


inhibits 


todes and development larval forms 


MATERIALS ND Merrops 


alfalfa 


mated 


rations of hay, 
salt 


Resulting 


Mifty-two grade 


and 


ewes on 


ground corn, iodized were with 


Suffolk 
the 


lambs wer 
received by the 
selected 
old 


lambs 


purebred rams 
ewes 

the 
Mak 


were 


creep fed rations 


Of these 


sine 
the 


when at 


older 60 for 
least ] 


were 
experiment month 


Prior 


lambs been castrated 


docked 


each owe Wis 


to placing the animals on pasture, 


drenched with 1 07 of aqueous 


phenothiazine and 


All 


enterotoxemia 


containing 1.5 oz. of 
of lead 


vaccinated 


solution 
and 


given a eapsule arsenate ewes 


their lambs were against 
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Wisconsin 


ith Oxo 


Clostridium perfringens 
different lots so 


vere allotted to si that 


lambs 
lambs 


and ¢ 
There 


large flat 


each lot 
lot \ 
cattle o1 heep, ‘ ‘ 


and their 


were in and 


6 ewes per previous 


used for that si 


nearly equal-sized lots varied 
between 155 and 162 f in W ind all were 4 


ft. long 
Salt rations 


(table 


Covered salt boxes 


were fed beginning th 


1). npublished data 


pasture 
infeeted lambs 
on pasture, which served a Tol 
the 
meal 
able 
tuted for 

Hot, 
inimals to a 
the 
had 


ind, therefore, was 


xperiment 


steamed bone 


being discussed, showed that 
the salt was 


mixed with probably unpalat 


Dicaleium phosphate, therefore, substi 


the 


dry 


steamed bone me 
the 


had 


removal of 
they 
Phe 
vear for sheep 
The 
averaged 10 by 125 ft 


weather foreed the 


neighboring ifter 
first 


been 


pasture 
da 


previous 


been on pasture for second 


pasture used the 


contaminated lots in tl 


second pasture 


TABLE i1—Salt Rations Fed, Free Choice, to 
Ewes and Their Experimental Lambs 


Katior 


lodized salt 
Vhenothiazine 
Trace-mineralized 
Vhenothiazine 
Vhenothiazine 
n trace 
Dicaleium phosphate 


ized salt 


yvercentages 
ted of the 
Mn, 6.1 


All 


feetive 


lambs were give x itel O00 
Haemonchus ¢ mennes 
they 


The « 


thro 


fter 


i drenching 


syringe 


been placed on the 


allowed to rut 


vere 
the experiment 

After the sheep had beer 
for 30 days (27 da 
conditions fore 


From tl 


weather 
first pasture 
utilized at 


lot 


were alternatels 


intervals, each retaining 


portion of each pasture 


Hemoglobin levels, 


a 
4 ewes 
Lot 
n iod salt 
n trace - mineralized salt 
ind dicaleium phosphat 
mineralized salt 
n trace-miner 
Ally base ht trace-mineralized 
lt con folle percent 96 
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\nima 
nive t of 
rinar nee on the econd p 
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the Research thy ren sl) to the 
fund ipplied 
latior me the oO stures 
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RESISTANCE OF LAMBS 


viministration 


thereafter 


determined 
weekly 


is measured by 


prior to of 

He moglobin 
CRE 
Stol 


intervals 
the 


determined b 


oxyhemoglobin method; 
the method of 
117 


the Surviving 


counts 
Phe 

following 

imbs were 


the 


were 


experiment was for days or days 


iiministration of larvae 


iughtered, the bomasums removed, 


and yvorms counted 


RESULTS AND Discussion 


The feces of all lambs were negative for 
nematode ova prior to the sixteenth day 
At this 
of the 
iodized 


following administration of larvae 
found in the 

4 lambs in lot 1 
in lot 2 (1odized 
phenothiazine 10 in lot 3 (trace-miner 
alized salt 10 in lot 4 (trace-mineralized 
salt and phenothiazine j 


time, OVa were feces 
following lambs 
salt and 


salt): 3 lambs 


8 in lot 5 (trace 
mineralized salt, phenothiazine, dicaleium 
phosphate) ; 9 in lot 6 (trace-mineralized 
salt and dicalcium phosphate). The 
mainder of the lambs passing 
in their feces by the twenty-first day 


re 
were 


fol 


lowing infection except for 2 lambs in lot 
2 which were passing eggs by the twenty 


lambs receiving trace 
at 
receiving this 


seventh day. More 
mineralized salt 
earlier date than 
addition 
Approximately 60 days following infee 


were passing egys an 


lambs not 


4 began scour 
ing as did a The 
fecal material fluid 
A few days later, eggs of Trichostrongylus 
found in the of all lambs 
experiment. A’ few Nematodirus 
detected in the 
in all These 


overwintered 


tion most of the lambs in lot 
few in the other 
was dark brown 


lots 
and 
sp were feces 
the 


on 
we 


sp were feces, 
distributed 
could have 


pasture 


two 
the 
the 


lots yenera 


on second 


have been carried by ewes 


ro INFECTIONS WITH 


NEMATODES 


The time of their appearance suggests the 
former 

Deaths from the effects of parasitic nema 
todes occurred in SO per cent ol the lambs 
lot 3, 20 per lot 1, 10 per 
cent lot 4. One of the surviving lambs 
in lot 3 suffered from 
at the of the 
treated several 
tions of wheat 
ered from the lameness and was not notice 


in cent in and 
in 
‘stiff-lamb disease 

Wiis 


start experiment It 


with intramuscular Injee 
oil The lamb recov 
ably affected by the parasitic infections 
The of 
production 


action phenothiazine on worm 
varied according to the 
to the diet table 

phenothiazine in iodized salt 
than 


‘ xcept 


“rer 


mineral additions 
Lot 2 lambs 
exhibited counts 
lot 1 (iodized all 
stances, 27 and 34 days following infection 
though the of 
recovered necropsy greater 
lot table 4 
mineralized salt 
counts than did lambs in 


lower lambs of 


salt in two in 
Haemonchus 
the 


trace 


even number 

Wis 
Lat 
much higher egg 


lot 4 


zine in trace-mineralized salt 


at in 


2 lambs 3 lambs 
showed 
phenothia 
The 2 


worms than 


sur 
viving lambs of lot 3 had mors 
those of lot 
final egg counts 


$f but not in proportion. to the 
Lot 5 lambs with pheno 
carried 


which 


less eggs and 


thiazine 
fewer worms than did lambs in lot 6 


produced 


had no phenothiazine 

All 
ited much lower peaks of egg production 
than did lots not receiving this drug. After 
the initial peak of the 
counts from the lots receiving phenothia 
zine leveled off while the the 
other lots dropped rapidly and then ros 


lots receiving phenothiazine exhib 


eum 


product won 
from 


eounts 


to reach secondary and tertiary 


The effects of the 


peal 


worms on the hemo 


TABLE 2—Average Number of Eggs (in Thousands) per Gram of Feces from Experimental 
Lambs 
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3——-Average Hemoglobin Concentration (Gm. per 100 ml. of Blood) in Experimental 
Lambs 


Each * indicates death « ts lamb du 
Lot 


salt and phenothiazine 


) paras 
jodized iodized 
dik 


trace mineralized sait 


ized salt and dicalcium phosphats 


the lambs 


less 


of 


were 


globin receiving phenothia 
zine (table 3) probably 
due in part to the prevention of succeeding 


severe 


infections 
in lot 3 
of worm eggs upon their pastures 
lot 6, although receiving trace-min 
eralized exhibiting the highest 
initial worm egg production, did not pro 
This may 
resistance 
dicaleium 


massive 
expelled large numbers 
table 2 


Lambs 


while 
salt and 

of eggs 
the 


added 
addition of 


numbers 
due to 
the 


duce large 
have been 
afforded by 


phosphate although this resistance was not 
complete as shown by the gradual fall of 


Lot 1 
ited the same gradual loss of 
but had higher 
several definite peaks 
Haemonchus at slaughter 
(table 4 indicating that 
retained a of 
effects of the worms 
Lambs in lot 3 were severely 
by the infections although the 2 
did not large 
worms of 
infections 


hemoglobin (table 3 lambs exhib 
hemoglobin 
that showed 
had 
did 
latter 
to 


counts 
This lot 
than 
the 


resistance 


CLE 
fewer 
lot 6 
still 
degree the 
affected 
surviving 
numbers of 
that 
ex 


ceonutain 


Necropsy 


lambs 


stomach lambs 


died from worm revealed 


TABLE 4—Average Number of Haemonchus 
Found in Abomasums of Experimental Lambs and 
Percentage of Total Weight Gain 


No. of worms 


We hts 


jodized salt iodized salt and phenothiazine 
salt ‘ 


ineralized 


trace mineralized trace mineralized salt and 


dicalcium 


salt 


phenothiazine », trace n salt phos 


phate and phenothiazin 6, trace - mineralized and 


dicalctum phosphate 


ti 
phenot 


al 


of worms but no 


them 


numbers 
to 


1 remely large 


attempt as it 
the 
following death 
de 
be 
initial each lot 
and the total final weight the total 
initial weight (table 4 All lots receiving 
phenothiazine had comparable weight gains 
in spite of the loss of 1 lamb in lot 4. Lot 
dicaleium 


gained 12 per cent more weight 


Was mace count 


was sometimes impossible to examine 


carcasses for some hours 


Total 
termined 


we ight 
the 


weight 


percentage vyains were 
by dividing 


the total 


difference 
ot 
by 


tween 


6 (trace-mineralized salt and 
phosphate 
than lot 1 (iodized salt 


SUMMARY AND NCLUSIONS 


A study has been conducted on the re 
sistance of lambs on pasture to the effects 
of Haemonchus contortus and other nema 

when fed of miner 
dicaleium phenothiazine, 
combinations This experi 
that, cases, pheno 
the of the 
not direct lethal 
rather by 


additions trace 
phosphate 
of these 


most 


todes 
als, 

and 

showed 
reduced 
lambs; probably 
effect the adult 
inhibition of egg production and hatcha 


ment 


thiazine worm burden 
by a 
on worms but 
bility of the eggs, thus preventing massive 
reinfections of the lambs 

mineralized salt, 
phenoth 
the 
of 
contaminated 
number of 
dicaleium 


trace 


Lambs trace 
without dicalcium phosphate or 
azine, were most severely affected 


Kighty 


recelving 


by 
infections cent 
died and they 
with the largest 
Addition of 
diet containing 
produced added 


nematode per 
lambs 


pasture 


these 

the 

nematode eggs 

to the 
salt 


phosphate 


mineralized an r 
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Da 
after Lat ot Lot Lot Lot 
nfect 1 
12.4 f 12.4 
) 12.44 12.¢ 4 
12.20 12.0 11.6 
10.69 11.4 7 
4 ] ; 16 2 
62 ; 11.41 1.05 4 
60 11 6.4 ) 
16 7.4 4.5 14 5.609 
azine trace-mineraliz t: 4, ¢ neralized 
gicium phosphat and not e-minera 
Lot Ne 
. 


RESISTANCE OF LAMBS TO INFECTIONS WITH 


sistance. Although these lambs were more 
infected, they gained 12 per cent more 
weight than lambs receiving iodized salt 

More lambs receiving trace-mineralized 
salt passed worm eggs the first few weeks 
than did lambs not receiving this salt, re 
gardless of further addition of phenothia 
zine or dicalenum phosphat: 

Analyses of worm egg counts, numbet 
of worms recovered at necropsy, and hemo 
globin concentrations of infected lambs 
seemed to support the contention that a 
phenothiazine, trace mineral-dicaleium 


phosphate combination was superior to any 


of these alone This sugyvests that for 
maximum control, phenothiazine is at its 
best when administered with this combi 
nation of mineral supplements 
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Immunizing Activity of Alum-Precipitated Protective Antigen 
of Bacillus Anthracis in Cattle, Sheep, and Swine 


A. S. SCHLINGMAN, D.V.M.; H. B. DEVLIN, Ph.D.; G. G. WRIGHT, Ph.D.; 
R. J. MAINE, and MARY C. MANNING, B.S. 


Detroit, Michigan 


THE PROTECTIVE antigen of Bacillus an 


thracis has been produced by growth of 


the organism in chemically defined, non 
protein mediums.’ * 

The antigen was present in 
filtrates, 
trated, and partially purified by preeipitation with 
The 


demonstrated in 


soluble form in the 


culture and could be stabilized, coneen 


uctivity of the 


guinen 
produced in 


alum immunizing antigen 


was rabbits, pigs, and 


monkeys;* the immunity rabbits was 


against challenge with 35° strains 


anthracia of 


Belton 


varied origin.* 


and Strange” confirmed the elaboration 


of antigen in chemically defined mediums, and de 
medium 


modified the 


modified 
Devlin ef al,’ 


veloped a containing casein hy 


drolysate mediums of 
Puziss and Wright,’ and devised methods for pro 


duction of the antigen on a large seal 


The present study was undertaken to in 
vestigate the immunizing activity of alum 
precipitated protective antigen in cattle, 
sheep, and swine, and to provide an indica 
tion of the duration of the immunity 


MATERIALS AND MetTHnop 


intigen Preparations Two preparations of 


antigen were used 
growth of the NP-A 


30 wa 


alum preeipitated 
Lot 92 


strain’ in 528 


protective 
was produced bys 
medium Lot 
RI-NP 
Devlin et al The 


odueed 


by growth of the strain in the modified 


deseribed by sterile 


filtrates 


medium 


culture were immediately precipitated 


and suspended in 


Merthiolate at 


alum, washed with saline, 
saline at 1/10 the 
a coneentration of 1 


for sterility in 


with 
culture volume 
10,000 


added as a pre 


tested 


was 


servative antigen preparations were 


nutrient broth, and in 


Safety 


try ptose or 


Brewer thioglyeolate medium tests wer 


performed by subcutaneous injection of 5 ml, into 


each of 5 guinea pigs, and 1 mil, into each of 10 


Swiss mice, No evidence of the presence of viable 


organisms was obtained by these procedures 


Antigenic potency was estimated by immuni 


with dilutions of the 
followed by a 


Vollum strain of B. an 


gation of rabbits antigen 


preparations, standard challenge 


with 10,000 spores of the 


Parke 
Detrick 


Davis and 


Frederick 


Research Laboratories 


Mich., and 


From the 
Company, Detroit 


Mi 


This work was carried out at 


Camp 


Parke, Davis and 


contract with Camp Detrick 


Com 


pany under a 


thracias tjoth lot 9 ind 


eal activity, and immunized rabbits against the 


standard chall nge when i total imount of 0.1 
stock antigen was d 

of Bacillus Anthracis The NP-A 
that elaboration of 


mutants of the 


mil of 
Strains and 


RI-NP 
antigen 


strains were used for 
strain and 
Wright Vol 


strains of ani 


were Vollum 


been deseribed by Puziss and 
V770, and wert 
origin,’ Strain V770 
the blood of heifer 2728 on the 


have 
L062 virulent 
was from 
fourth day follow 
V770. It 
guinea pig, and 
blood at This 


laboratory ani 


lum, 


mal recovered 


ing intramuseular injection of strain was 


then injeeted into a recovered 


from the heart necroy strain 


appeared to be more virulent for 


mals than the parent strain. Four or more spores 


injected subeutaneously into guinea pigs resulted 


three to five 
lethal dose (1d 
when given 


in 100 per cent mortality in days 
Repe ated tests indicated that the 
for rabbits was approximately 50 spores 


This 


experiments to be 


by the same route strain wa ised for most 


of the challenge reported 


Spore prepared by growing the 


SUSpensions were 


‘trains on nutrient agar for four da suspending 


ind washing the growth in water, and heating at 


6. for 30 minutes. The suspensions stored 
it 4¢ these 
their 
stock 


required for 


were 


under conditions the maintained 


viability and virulence for long periods. The 


suspensions were diluted in erile water as 


challenge of animal 
tnimals.—Native Michigan cattle of 
nd Hereford breeds 

proximately lk, vears of age and 


150 and 700 Ib. The 


mixed dairy 


were They were ap 


ghed between 


sheep were good to choies 


ewes of mixed breeds and were obtained 


Detroit stockyards, The 


slaughter 
from the originated from 
Michigan and ere fairly uni 


Chester White pigs that 


various parts of 


form in age and weight 


weighed between 30 and 40 Ib. were obtained fron 


nearby farms. Immediately on receipt and seve 


days before experimental use, each pig was im 


anti-hog cholera serum and virus 


held under the usual 


munized with 
All animals 
until the 


moved to a 


were farm 


conditions time of challenge They 


then 


screened conerete building 


were 


equipped with pens and stanchions The sewage 


system permitted ‘collection of il iquid wastes in 
tanks for 
Solid 
an adjacent b 


those 


storage sterilization steum under 


pressure wastes ere ) ‘ in an inein 


lilding imals that died 


that 


erator in 


of infeetion, and rvived and were 


destroyed, were necropsied and blood cultures were 
The 
tank 


made carcasses were sterilized in a redue 


tion under 60 Ib. o pressure for six 
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under vac 
held for at 


hours, and the residue was dried ium 


animals were 


killed. 


and burned 
least 21 


Surviving 
before being 


days 


EXPERIMENTAL RESULTS 


Immunization of Cattle-—Twelve animals 
in two groups were immunized by two 5-ml 
injections of antigen four weeks apart. The 
injections were made subcutaneously in the 
upper third of the neck. The antigen was 
well local or 
tions were noted. The first group of & ani 
mals received antigen lot 92. The difficulty 
and consequent delay in developing a sat 
isfactory method of challenge made it nec 
essary to immunize an additional group of 
4 animals, so that challenge could be cat 
ried out month after immunization 
Antigen lot 39-30 was used for immuniza 
tion of the latter animals 
the immunizing 
required standardized 


tolerated ; no systemic reac 


one 


Assessment of activits 


of the 


antigen 


procedure of challenge that would produce 


severe and preferably fatal infection in 
Attempts were made to pro 
duce fatal infection by administration of 
various strains by table 1 


Although infections that varied from slight 


normal cattle 


several routes 
to severe were produced by parenteral cha! 
lenge in most cases, all of the animals sur 
The failure to produce fatal infec 
parenteral routes is in agreement 


vived 
tion by 
with most previous observations 
It was the 
logical Research Department, Porton, Eng 
land, that fatal cattle could 
be obtained by administration of spores by 
This method of challeng 
pellet of 


from Microbio 


suggested 
infection of 
route 


the oral 


was Investigated by feeding a 


BacitLus ANTHRACIS IN CATTLE, SHEEP, AND SWINI 


food containing the spore suspension. The 
pellets were prepared by boring an &-mm 
hole in commercially available cylindrical 
pellets of cattle feed. The spore suspension 
was placed in the cavity and the opening 
was with a small cork. In 
all cases, the animals took the pellets vol 
untarily and chewed them immediately 
When the pellets were dipped in saturated 
sugar solution or in black strap molasses, 
they 
readily 


closed almost 


were accepted and masticated more 
the V770-2-P 

recovered the 
intramuscular 


Spores of strain, 
which had been blood 
of a heifer following chal 
lenge, were used in these experiments (ta 
ble 2 

In the first experiment, 4 
10" Three of 
died in less than three days; 
infeetion 


from 


animals were 


the animals 
the fourth 
but died 
promptly when rechallenged with the same 
dose. One animal fed 10° the 
Vollum strain had a slight febrile reaction 
There 
infection when the latter animal 
challenged with 10° spores of V770-2-P 
Further the V770-2-P sus 
pensions by the oral route were performed 
table 2 Positive blood cultures were ob 
from all animals 24 
before death. Animal 362, 
infection, also yielded positive cultures for 
Although the number of ani 
mals was not han bd 
it appeared that challenge with 10 
than with 10 


intervals between chal 


spores 


gave no evidence of 


spores of 


but recovered was no evidence of 


Was re 


titrations of 


tained hours or more 


which survived 


several days 
sufficient to estabhi 
spores 
was less severe challenge 

spores, because the 
death 
survived 


longer, and 1 in 


Accordingly, 1.5 


lenge and were 


fected animal 


TABLE 1—Challenge of Normal Cattle by Various Routes 


f spores Route of 


strain challenge 


Vollum 


utaneo 


capeule 


Intran 


ited temperature 


Kes 
thereafter need on da i4 
1 Vo ' Cor net : reaction if 1 da 
Vo il tanes ‘ react ' 
ture da 4 thre } re . red 
Vie Sul tar Local reanetior evated t perat nad 
throu red 
27¢ \ Sul tanes ited temperature and anore da ti 
or iin f ‘ in the 
recovered 
intraver and i ‘ lemma da thr 
10° Vo Oral iv t elevated tet rature da throu ; 
ered 
t e blood sltur onda i rece read 
(eaction ure recorded in terme of after ha Ter at n ‘ f 10 } 
le is elevated rechallenge 
‘ 
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TABLE 2—Virulence of V770-2-P for Normal Cattle by the Oral Route 


Spores 


Animal fed Blood culture 


Positive at 40 hours 
Positive at 40 hours 


ata 


10” 
10” 
10” N 
10” 
10* 
10* 
10* 


2 
69066 
69067 


Positive » hours 


egative 
at 


Powitive 16 hours 


Positive at 72 hours 
Positive at 96 hours 


Negative 
Positive at 44% hours 
10 
10 
10 


Positive at 96 hours 
Positive 6, 7 
6 


4756 
462 
268947 


& days 


Positive 5 7 days 


Necropsy revealed typical anthrax in al 


x 10" spores was selected as the standard 


challenge dose, with the expectation that 
it would represent a test of the 
resistance of the immunized animals and 
would prove fatal to most of the controls 
Although an occasional control no 
reaction to this a larger 
of these animals died promptly on rechal 
lenge, possibly because they had not chewed 
or swallowed the original pellet in the nor 


severe 


grave 


or dose, most 


mal manner. 

Five months after immunization and be 
fore the oral challenge method was devel 
oped, 3 immunized animals of the first 
and 3 normal controls were chal 
parenterally with large numbers 
of spores. The infections appeared to be 
appreciably in the control 
animals, but no satisfactory objective evi 
dence of immunity could be obtained by 
these challenge procedures 

The 9 remaining immunized animals and 
$f normal controls were challenged by the 
In the initial experi 


group 


lenged 


more severe 


oral route (table 3) 


TABLE 3—Oral Challenge of Cattle a 


Months after 
immunization 


spores per 


Animal animal 


Control 
T5690065 


Control 
Control 
S10 
Control 
20 


Strain 


animals 


Result 


Died 64 hours after challeng 
Died 64 hours 


Died 68 hours 


after challeng« 
after challenge 
challenged 7 da 
after challenge 


No reaction 
Died 67 hours 
Died 90 hours after challenge 
Died 149 hours after challenge 
Did not chew pellet 
challenge 

Died 68 hours after challer 
Died 125 hours after challenge 


rechallenged 1¢ 


Elevated temperature da > throug) 


Died 165 hours after challeng: 
that died; rechaller 


ment, 2 animals immunized eight months 
previously and 1 control were challenged 
with 10° spores. In the second experiment, 
$f animals immunized month previ 
ously, 3 animals immunized 12 months pre 
viously, and 3 controls challenged 
with 15x 10 In this experiment, 


1 of the control animals survived the ini 


one 


were 


spores 


tial challenge, and accordingly seven days 
after the initial challenge this animal and 
had immunized one 
were rechallenged with 


the animals that been 
month previously 
the same dose. Daily blood cultures were 
made from all animals until they died or 
In all which 
anthracis was found 24 hours 
Blood cultures from 


from 


were destroyed those sue 
cumbed, B 
or more before death 
survivors 
which was positive on the fourth day only 
Kvidently the animals were solidly immune 
one month after immunization. After eight 
and 12 months the immunity had declined, 


but the that the 


were sterile exeept 2717 


suggest animals 


results 


t Various Intervals After Immunization 


Died of 4% hour 
Elevated temperature and ar 
ed 


anthra,. 


anthrax after 1 


survi 
hied of after 67 
No reaction 
reaction 

reaction 
reaction 
Dic 


Elevated temperature 


aa 
Elevated temperature da 
4 through 7 


Died of anthrax 80 


dof anthrax after 1 


orexin day 


Died of anthrax 102 ho 


No reaction to firet cha 
after rechallenge 
seventh d 


on the 


| aft nitia hallenge 
25 
26 
27 da after initial 
ne 
2158 
2717 throug} 
1.5 10 
24 10 
24 1.5x 10° 
12 10° ‘ 
Why; 12 1 « 10° thre r j 
2716 12 15 10 snd 4; diarrhea and ar 
i 
hours after sllenge 
ee rechallenged th the same ‘ ft the initia allenge 
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were significantly more resistant than the 


controls 
Twenty-five 


Immunization of Shee p 


animals were immunized by subcutaneous 
injection of two 5-ml. doses of antigen 39 
30 at an interval of four weeks. The in 
jections were made into the medial surface 
of the right flank, an area devoid of wool 
No local or systemic reactions were noted 

No difficulty was encountered in deter 
mination of a fatal challenge 
In agreement with previous reports, 


dose for 
sheep 
these animals were readily infected by sub 
cutaneous challenge and died promptly 
with generalized anthrax. Results of titra 
tion of the V770-2-P strain in sheep are 
presented (table 4 The Ld 
mated to be of the order of 100 spores, and 
a standard dose of 20,000 spores was se 
lected for challenge of immunized and con 
trol sheep 

Groups of immunized animals were chal 
lenged 1, 3, 6, 7, and & months after the 
second injection of antigen (table 5 Nor 
mal control animals were challenged with 
each group. Surviving animals 
served for at least 21 days before being 
destroyed and necropsied. No abnormali 
referable to the experimental pro 
detected at of the 


was esti 


were ob 


ties 
cedures were necropsy 
survivors 

Blood cultures were made from all su 
Viving animals three, seven, 11, and 21 
days after challenge in the l-month group, 
and three, nine, 15, and 21 days after chal 
lenge in the other animals. In addition, 
daily blood cultures during 
febrile periods Positive cultures were ob 
tained from 12 to 
16 hours before death 


were made 


2 animals, in each case 
Fifteen ani 
mals were given two 5-ml. doses of antigen 
39-30 at an interval of four weeks. The in 
jections were made intramuscularly in the 


left hindleg ; 


Immunization of Swine 


no local or systemic reactions 


Bacittus ANTHRACIS IN © 


ATTLE, SHEEP, AND SWINI 


were observed, and the rate of growth ot 
the immunized animals appeared normal 
Attempts to produce fatal infection im 
15 normal swine with strain V770-2-P were 
Subcutaneous 


unsuccessful injection of 


TABLE 4 Virulence of V770-2-P for Normal 


Sheep 


Interval betwee 


hallenge and 
death (days 


15x10 
action but no other sVimptonms 


spores produced a slight local re 
Feeding of 
intranasal or intratrachial 
instillation of 7.5x10' to 3x10 
produced neo evidence of infection 
reported that all of 14 swine ced 
dead 


each 


spores or 
spore 
Trom 
bitas 
cow 


after feeding on a 


Accordingly 2 swine wer 


of anthrax 
of anthrax 
fed a carcass of a guinea pig recently dead 
of anthrax. One guinea pig had been in 
fected with strain V770-2-P, and the other 
1062. The latter strain 
from a natural 


had received strain 
had 
tion in 
numerable 
pletely 
swine 


isolated infec 


been 
swine.* The carcasses contained in 
anthrax bacilli 
consumed by the 
febrile 


following 


and were com 


Both 
response of 


animals 
showed a 
hours’ duration challenge but 
survived 

The feeding of infected guinea pigs pro 
duced the most severe symptoms of any ol 
the that investigated At 


cordingly at two and at five months afte: 


methods were 


immunization, 4 immunized animals and 4 
were challenged by feeding 
100- to TO00-Gim 


following 


controls cul 
that 
1LO.000 


Lifes 


casses of 
had clied 


spores of strain V770 


guinea pig 
injection of 


(table 6 


TABLE 5—Challenge of Sheep at Various Intervals After Immunization 


atic 


imber of animals 


after hallenge 
n all anin 


days in sur 


im parenthe 


typical of ar 


259 
njected mal haller dl 
| 
Spores ere diluted i ater and injected ibeutar 
our na volume of 1 necrop revealed ty] 
anthrax in all anin s that died 
nte al hetweer 
sthon and (‘ontro ed 
‘ action tt aller n sur 
4.4 reaction t sllenge is ir o 
4 i Klevated temperature for | to 
ha Anima injected subcutaneou th 20,000 spores of strain V770-2-P. Bur al rat 
re orded a the ne divided the hallenwged Numbers 
wt h deatha o irred Repticer ‘ na patholog 
thra vere pres that died 
t t obtained 1 t if ‘ before leat 
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TABLE 6—Challenge of Immunized and Normal 
Swine by Feeding Carcasses of Guinea Pigs Dead 
of Anthrax 


Animal Results 


CHALLENGED 2 MONTHS ArTeK 
IMMUNIZING INJKOTION 


No reaction 
No reaction 
106 F. on day 1 

thereafter 


2374" 
23681" 
2392 after challenge normal 
pharyngeal swelling for 2 days 
2396 Klevated temperature on days 1 and 2 after 
challenge with anorexia; slight 
geal swelling 
Elevated temperature 


with anorexia 


pharyn 


Control 1* days through 
marked pharyngeal swell 
ing for 4% days 
Klevated temperature 
with anorexia and pharyngeal swelling 
Elevated 


with anorexia and 


Control days 1 through ) 


Control temperature days | through 7 
pharyngeal swelling 
slight 


anorexia and pharyngeal swelling for 7 


Control Klevated temperature on day 2 only; 


days 
CHALLENGED MONTHS AFTER SECOND 
IMMUNIZING INJECTION 


(nour 


Elevated temperature days 1 through 4 
Klevated temperature days % and with 
slight anorexia 
No reaction except slight anor 
and slight pharyngeal swelling 
Klevated temperature days 4 and 
slight anorexia 
2 and 


Control Elevated temperature days 


Control Klevated temperature days 1 through 
awelling 


slight pharyngeal 
through 


anorexia 

Control Elevated temperature days 2 
slight anorexia 

Control levated temperature days | throug! 


slight anorexia 


hese swine were fed a guinea pig car 
successive day 
These swine were fed a 


heen kept at about Lo ¢ 


tious of varying severity were produced in 
the controls. The immunized animals that 
were challenged two months after tmmuni 
zation appeared to be partially protected, 
in that 2 animals showed no 
infection; in the other animals, the infec 
tions were apparently milder than in the 


Five months after immunization 


evidence of 


controls 
the resistance had apparently 
and little objective evidence of 


decreased, 
immunity 
was obtained 

DisCUSSION 


that 


antigen 


indicate 


The experiments clearly 


the alum-precipitated protective 
produced effective immunity in cattle and 
in sheep. The 4 cattle that were challenged 
one month after immunization were evi 
dently completely resistant to a challenge 
procedure that proved fatal to the 3 con 
trols. During titration of the challenge 
suspension, similar or smaller doses proved 
fatal to 4 of 6 normal animals and pro 
duced a severe infection in the fifth. Eight 
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and 12 months after immunization, the im- 
munity had evidently decreased. All of the 
5 immunized animals became infected and 
died. It seems probable that significant 
immunity remained, however, because the 
deaths with 
controls, and 
survived infection 
only one instance among normal animals 
infected by the oral route 
Significant immunity 
sheep one month after immunization, but 
better 
months 


were delayed, as compared 
because 3 of the 5 animals 


Recovery occurred It 


Was present in 


protection was obtained after three 
The immunity had decreased six, 
and eight after immuniza 
tion, but was sufficient to prevent death in 
6 of the 14 animals, and to delay it in 
most of the others. The standard challenge 
represented approximately 200 Lad 
fatal to all of 17 


seven, months 


and was rapidly control 
animals 

The challenge procedures for cattle and 
sheep were adjusted to provide a severe 
test of the resistance of the immunized ani 
The V770-2-P that used 
was extremely virulent for laboratory ani 
mals, and Auerbach and Wright * reported 
that fatal 
in guinea been 


mals strain WAS 


infections 
immunized 


this strain produced 
that had 
by procedures that protected them against 
Accordingly, it is 
of effec 


conditions on 


pigs 


strains 
the duration 
field 
experiments, It 
that the infective 
encountered 


many virulent 
difficult to estimate 
immunity under 


the basis of the 


tive 
present 
would seem probable 


that 
natural conditions would be less severe than 


doses would he under 
those employed in the present experiments 

Most anthrax 
immunization procedures have been carried 
out in sheep because of the failure of 
parenteral methods of challenge to produce 
fatal cattle. The oral 
challenge prove useful 
for future immunization 
procedures in these animals. It is 
that oral administration of large numbers 
of highly virulent 
infection in a large proportion of normal 
cattle. The relative importance of the vir 
ulenece of the strain and the route of infee 
tion can not be determined on the basis of 
The results suggest that 


assessments of 


previous 


infection in normal 


procedure should 
evaluation of 
clear 


spores produces fatal 


the present data 


* Since completion of these ex Boor and Tres 


selt reported protection of she mmunization 
repeated doses of an aqueous solution of cell-free antigen 
olloida 


or by a single dose of the antigen adsorbed on 


sluminum hydroxids 


£4590 
394 
with 
| 
with 
itl 
t that had 
hour 
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maximum virulence and 


infection 


strain of 
route of 
infection 


both a 
the oral 
for fatal 

The immunization 
be regarded as exploratory. The doses of 
and schedules of immunization 
were arbitrarily selected, and presumably 
can be modified for 
The development of 
munity in sheep suggests that an excessive 
antigen may have used in 
these animals. The protective activity of 
the crude filtrate 


are necessary 


present studies must 


antigen 
greater effectiveness 
slow maximum im 


dose of been 
can doubtless be in 
creased by further investigation, and the 
possibility of a effective adjuvant 
than alum should also be explored. It is 
evident from the present study that cattle 
and sheep can be immunized against an 
thrax with a sterile, nontoxie antigen prep 
Additional 
to improve and simplify the methods and 
to determine their practical value under 
field conditions 


more 


aration studies are necessary 


SUMMARY 


The immunizing activity of the 
tive antigen of Bacillus anthracis 
vestigated in cattle, sheep, and swine 
animals received two 
alum-precipitated antigen four weeks apart 
and were challenged with a highly virulent 
strain of B 
vals. Cattle were challenged by oral ad 
ministration of 150 million which 
proved fatal to most of the control animals 
Sheep were challenged subcutaneously with 
20,000 this 
proximately 200 lethal dose., 
tions obtained in 
although moderately severe infections were 
obtained by feeding guinea 
pigs dead of anthrax. Solid immunity was 
present in cattle month after immu 
nization; the immunity had declined but 
appeared after eight and 12 
months. Sheep were solidly immune three 


protec 
Was 
The 


injections of the 


anthracis after various inter 
spores, 
represented ap 


Fatal infec 
swine, 


Spores ; dose 


were pot normal 
CATCASSCS of 


one 


significant 
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months after challenge; less than complete 
survival was obtained one, six, seven, and 
eight months after immunization. Estima 
tion of the immunity of swine was difficult 
fatal infection could not be pro 
duced in normal animals. Results that sug 
obtained 


because 


gested increased resistance were 


two months after immunization 
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Serological Differentiation of the Equine Abortion Virus from 
the Human and Swine Influenza, Mumps, and 
Newcastle Disease Viruses 


E. R. DOLL, M.A., D.V.M.; WILLIAM H. McCOLLUM, Ph.D.; 
JOHN T. BRYANS, Ph.D.; ELIZABETH W. CROWE, M.S. 


Lexington, Kentucky 


KQguiNeé virus abortion was characterized 
as a specific entity by Dimock 
workers.’ Their investigations were re 
stricted principally to studies on aborted 
fetuses, transmission experiments, and in- 
oculation of laboratory animals. Effects of 
the abortion virus on the mare and other 
horses were not studied 


and co 


During investigation of the disease in Hungary, 
Manninger and Manninger™ ob 
served febrile reactions and signs of mild respira 
tory catarrh in mares inoculated with the abortion 


Csontos and 


mares were immune to subse 
with 
equine influenza, 
from a febrile 
equine influenza were immune to the equine abor 
virus, They that 
manifestation of infection of 
the 


investigation of the 


virus These 
believed 
had 


diagnosed as 


quent inoculation biood from horses 


to have and horses which 


recovered disease 


tion concluded virus abortion 


was a pregnant 


mares by equine influenza virus 


In an relation of equine 


abortion virus and two viral isolates designated 


as equine influenza virus, Doll and Kintner” found 


reciproeal complement fixation between the abor 


influenza viruses and their re 
W hen 
utero, the 

the 


sions typical of equine virus abortion. In a 


tion virus and the 


spective antiserums, inoculated into equine 


viruses 
had le 


CTOSS 


fetuses in equine influenza 


caused abortion and aborted fetuses 
protection test, infection by the abortion virus im 
munized young horses against subsequent inocula 
tion with the equine influenza viruses 

Doll et al.” found that 
with the equine abortion virus developed a 


leukopenia, and signs of mild respiratory eatarrh. 


young horses inoculated 


fever, 


The abortion virus infection closely resembled the 
uncomplicated equine influenza reported by Jones 
et and 

The equine abortion virus and two viral isolates 
that 
(Army 


Maurer and Jones.” 


were designated as influenza virus 


a3” 


equine 
and Grayson I” were adapted to 
cultivated in 
al 


viruses produced iden 


subsequently 
chicken embryos by Doll et 
influenza 
infectivity of 


hamsters and were 


these hosts 


the abortion and 


tical lesions, and either virus was 


neutralized completely by antiserums for the other. 
The identity of the abortion virus and two viral 


Kentucky 
supported 


Department of Animal Pathology 
Experiment Station 


made by the Grayson 


From the 
Agricultural Lexington 


grant Foundation, Ine and 


published by 


by a 


permission of the director of the Station 


oge 


isolates designated as equine influenza virus sug 


desirability of studying possible rela 


the 
and 


gested the 
virus to the influenza 
The 


ineluded 


tionships of abortion 


viruses of swine viruses of mumps 
Newcastle 
their close biological relationship to the influenza 
Maurer 


from 


man 


and disease were because of 


A previous study by Jones and 
that 
influenza did not 
the 
virus 


VITUBCH 


demonstrated serum of horses recovered 


equine neutralize the infeetivity 


for mice of human A or B viruses or swine 


influenza The investigations presented here 


cousist of neutralization tests in hamsters with 


hamster-adapted abortion neutralization 


tests 


virus, 


in embryonating chicken eggs with embryo 
Neweastl 
protection 
MNI 


virus, 


adapted disease, and influenza 
(MNI 

munized 
with the 
(HA) and hemagglutination-inhibition (HI 
employing MNI 


anti-MNI 


mumps, 


viruses, tests in hamsters im 
Viruses and challenged 


hemagglutination 


against the 

abortion anid 
tests 
anti-abortion and 


viruses, virus 


virus serums 


METHOD 


| iral The MNI 
were the PR&S strain of influenza A virus, the 
Lee 
Shope-15 strain of 
Henk strain of 
Roakin 
In addition, the JJ strain 


MATERIALS AND 


Straina. viruses of the group 


FMI 
virus, the strain of in 


strain of influenza A’ 


virus, the swine in 


(SIV the 


fluenza B 


fluenza virus Enders 


and the strain of 
(NDV 


virus and the 


mumps virus 
disease virus 
of influenza C newborn pneumonitis 
which is tentatively consid 
pt for the 
amniotie inoe 


MNI vi 


illantoie sae 


virus (type Sendai 


ered as influenza D, were ineluded 
JJ strain which was propagated by 
chicken each of the 


ruses was adapted to growth in the 


ulation of embryos, 
of chicken embryos 
The Ky-D strain of 


hamster abortion 


id ipte 


was selected as representative of the agents 


presently known as equine abortion virus and de 


seribed by Jones et al ind Munninger” as equine 


influenza virus 
PRS 


0.05 ee. of u 


Preparation of Stock us For the 
M1, Lee, SIV, and Sendai strains, 
fluid 


lO-dayv-old 


incubation for 48 


10 dilution of allantoic virus was injected 


intra-allantoieally into chicken em 
After further 
the living embryos 
night and the allantoic fluids 
Roakin strain handled 

allantoie fluids harvested 


died 44 to 48 


bryos. hours at 


39 over 
The 
that 
embrvos that 


The JJ 


were refrigerated 


were harvested 


was similarly, except 


were from 


hours after inoculation 


Am. J. Ver. Res 
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virus was similarly inoculated into the amniotic 


eavity of 10-day-old embryos. Postinoculation in 
35 C. for 72 hours. The embryos 
and the 


was 


cubation was at 
refrigerated overnight, 
The 


into 


were amniotic 
fluid 


intra-allantoiecally 


harvested. mumps virus injeeted 
which 
were then incubated for six days at 39C., refrig 
overnight and the fluids har 
The infeetive fluids were stored at 20 C 
The HA titers of the viruses used for 
the experiments described subsequently were 1:160 
for PR8, Lee, and JJ, 1:320 for mumps, 1:640 
for FM1, SIV, and Sendai, and 1:2560 for Roakin 
NDV. 
Anti-Viral 

chickens &8- to 


with 


7-day-old embryos, 


erated allantoic 
vested. 


until used 


Serums For the MNI viruses 
10-weeks-old that had no 
NDYV given four 

1.0 ee, of allantoie or amniotie fluid 

virus at five-day NDV killed 

by addition of 0.02 per cent formalin. Five days 
after the last chickens 
sanguinated for serum collection. 


prior ex 


perience were intravenous 
injections of 
intervals. The was 
injection, the were ex 
The serums were 
preserved with merthiolate, 1: 5000, and stored 
at 4C 

Anti-Ky-D strain serum was prepared from vi 
had 
lation of equine 
fected fetus 
make a 20 per cent suspension, and the superna 
tant fluid obtained after ten minutes of horizontal 
relative eentrifugal foree 
rabbits, The 


intraperitoneal injections 


rus that been maintained in horses by inocu 


fetuses. Lung tissue from an in 


was ground in a Waring blendor to 


centrifugation at 2,000 


(r.e.f used for 
rabbits 
of 10 ee. of 
and the serum 
last 
at 200 
Normal 
chickens or 


wis Immunizing 


were given four 


virus suspension at four-day intervals, 
seven days after the 


filtered 


was collected 


injection, The serum was and stored 


healthy 
stored 


serums obtained from 


rabbits 


were 


and preserved and 
similarly 


In Vitro 


were 


Anti-MNI 


neutralize the 


Veutralizations virus se 


rums tested for ability to 


abortion viruses by using hamsters as the indi 


eutor The age of the hamsters varied from 5 to 
6 weeks. The 


for 30 minutes, and equal parts of undiluted serum 


antiserums were inactivated at 620 


and appropriate decimal dilutions of virus were 


room 
intraperitoneal into 4 
The dose for each hamster 


mixed and incubated one hour at tempera 


ture before injeetion ham 
sters for each dilution 
was 0.4 ee, for the 


titrations 


serum-virus mixture and 0 


deaths occurring from 


ec, for the virus hamsters were 


eaged individually. Specific 
the second through the seventh days were 
lethal dose La 
Reed Muench.” 

MNI igainst 


used for 


caleulating 50 per cent titers 
method of 
with the 


anti-serums 


aecording to the and 


Neutralizations viruses 


their homologous inti-abortion 


virus serum employed chicken embryos as the in 
The and the 
serum-virus mixtures ineubated as deseribed above 
Each of 
intra-allantoieally 


dieator serums were inactivated 


four embryos per dilution was inoculated 
with 0.1 ee. of 


0.05 ee. for the 


seTum-Virus mix 


ture and virus titrations. End 
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NDV 


from the second 


were based on em 
to the fifth days 
End points for other viruses of 
group were based on 50 per cent infes 
doses (i.d after the method of Hirst 

FMI, Lee, SIV, and Sendai viruses 


incubated 48 to 60 hours after 


points for titrations of 
bryo mortality 
after inoculation, 
the MNI 
tious 
For the PR&, 
the embryos were 


inoculation, refrigerated overnight, and the allan 
toie fluid harvested 
tested for HA A 


mumps virus, except 
and 


was from each embryo and 


similar procedure was used for 
that embryos were inoculated 
incubated six days be 


Fifty per 


when davs old were 


fi 


cent 
of Reed 


fore uids were harvested 


points determined by the method 
Muench.” 


rately 


were 


and secause titrations were not aceu 


reproducible, neutralizations embryos 
with the 
Test 


allantoie 


were not made influenza © virus 


Starting with 1:5 
fluid 


n O.25 ce 


Hemaaqalutination 


dilution of amniotie or virus, two 


fold 
phy siologic il 


dilutions were made volumes of 


line contained in 13x 100 mm 

r.b.c.), ee. of 
added to dilu 
patterns iscertained 
temperature for each 
which the 


dilution of 


tubes. Chicken red blood cells 


1 per cent were each 


tion, The 
after 40 


agglutination were 
minutes at room 
except JJ and Sendai for 
conducted at 4C. The 
agglutination was eon 
(HA 
Teats 


virus, teats 


were highest 
virus causing complete 
hemagglutination unit 


Inhibition 


sidered one 
Hemagalutination Beginning 
twofold dilu 


physiologi 


with a 1:5 dilution of serum, serial 


made in 0.25 
Five HA 
of physiological 
After ten minutes, 0.25 ec, of 
added to 


were 


tions were volumes of 
contained in 
ndded to each 


cal saline units of virus 


saline were 
dilution per cent 
chicken 


agglutination 


dilution The 
ifter 40 


Wis each 


patterns observed 
minutes at those 
employed for the HA 


causing complete 


temperatures corresponding to 


tests The dilution 


aggluti 


highest 
of serum inhibition of 
nation was taken as the end point 

Hamaters For 


illantoie or 


Immunization and Challenge of 
the MNI 
fluid 
day intervals 
given 


hamsters 


group, 05 ee. of amnioti 
intraperitoneally at four 


weeks old until four 


virus was injected 


into hamsters 4 


doses were Seven days after the last in 


were challenged by intra 


jection the 
peritoneal injeetion ee, of decimal dilution 


virus that were selected to encom pass 


virus At the 


of abortion 
the Ld titer of the 
serum from 5 


pooled for HI tests 


thine 


immunized hameate collected 


and obtained 


similarly from normal ha 


immunized similar 


killed 


ibortion virus, ¢ 


of infeeted hams 


The om neutralization and hemag 
glutination-inhibition tests are summarized 

table 1 With the anti-abortion virus se 
there 


for embryos of 


was no neutralization of infe« 


PRS, FM1, Sendai. 


rum, 
tivity 


Hameater ere 
er 


m—Bryans—-Crow! 


TABLE 1—In Vitro Neutralization and Hemagglutination-Inhibition (HI) Tests with Specific 
Antiserums and the Viruses of Mumps, Newcastle Disease, Influenza, and Equine Abortion 


a1 ken embryo 

i.d.o* of MNI Hameater 
rus neutralized of abortion virus 

' anti abortior neutralized b abortion 


rus serun erume is serum 


Inf A, Phe 0.0 
Inf A’, FMI 

Inf Lee 

Inf ¢ IJ 

Senda 

Swine inf, 8-15 

Mumps, Henle 

vewcastle, Koakin ) 


* Expressed as logarithm to 
castle, influenza viruses 


hemagglutinating units of 


mumps, or NDV. The results indicated The Ld titers obtained in hamsters im 
neutralization of 0.5 log dilution of Lee munized against the MNI viruses and in 
and 0.3 log dilution of SIV comparable normal hamsters challenged 

The anti-MNI virus serums had no neu with equine abortion virus are presented in 
tralizing activity against hamster-adapted table 2. Compared to the control titrations, 


the results cated no rotection against 
equine abortion virus. When tested against he resul idica P ity . 


abortion virus by immunization against 


JJ, or Sendai The differences of 
had virus-neutralizing titers varying from | 4 


the homologous virus, the anti-MNI serums 


titers between the control hamsters 
10) to 10 i.d.,, and HI titers varying and those immunized against FM1, Lee, 
from 1:1280 to 1:5120 (table 1 SIV, mumps, and NDV varied from 0.3 to 

The anti-abortion virus serum was de- 0.7 log dilution 
void of HI activity against the MNI group 
of viruses 

Serum from hamsters immunized against Evidence of in vitro neutralization of 
PRS, FM1, and Lee had HI titers of viruses of the MNI group by anti-abortion 
1:1280 against their homologous virus virus serum was obtained only for Lee and 
(table 2). Serum from hamsters immu SIV. The values of 0.3 and 0.5 log dilution 
nized against JJ, SIV, mumps and NDV_ for Lee and SIV are within the limits of 
had HI titers of 1:640, and that from ham- variation for the procedure used in titrat 
sters immunized against Sendai had a titer ing the viruses of the MNI group, and 
of 1:320. Serum from normal hamsters of therefore have no immunological signifi 
the same age had no HI activity against cance. The homologous virus-neutralizing 
the MNI viruses except inhibition at the titer of the anti-abortion virus serum ex 
1:5 dilution for PR& and at the 1:10 dilu ceeded 10° hamster |.d.., of the virus. He 
tion for mumps virus mageglutination by viruses of the MNI 


TABLE 2—Hemagglutination-Inhibition (HI) Responses of Hamsters Immunized Against 
Viruses of Mumps, Newcastle Disease, and Influenza, and Their Susceptibility to Equine 
Abortion Virus 


Homologous HI HI titer of 
titers of serun serum from 


rom immunized normal 


Virus ameaters hamaters 


inf A, 
Inf A’, FMI 
Inf Lee 1280 
Inf OC, 64a 
Sendait 
Swine inf, S15 640 
Mumps, Henle Enders 640 
Newcastle, Roakin 640 

Mumps, Newcastle, influenza seed as logarithn 
omplete inhibition of agglutination hemagglutination 


influenza D virus 


‘ 
1956 
r 
j 
r neutra i {I titert of 
by home ogous 
r nt r t rur 
6 
60 
6 
ew } } t erut dilution omplet t itination 

Ld titer 
In hameater 
re mmunized a nat In norma 

MNI ‘ amater 
6.8 
6.6 
6.4 
6.7 ‘ 
tentatively maiden te | 
inits of ru tentat ' fered to he 
~ 
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inhibited by the 
serum 


group was not same al 


abortion virus 
There was no neutralization of hamster 
adapted abortion virus by antiserums for 


the MNI These 


homologous virus-neutralizing 


viruses of aritise 
had 
titers varying from 10°° to 107° id 
HI titers of 1:1280 to 1:2560 
Hamsters injected intraperitoneally with 
allantoic or amniotic fluid 
the MNI group immunized 
as indicated by the developme nt of Hl anti 
titers of 1:320 to 1 
the homologous virus. However, such ham 


group 
rus 


and 


containing vi 
ruses of were 


body to 1280 against 
sters were not protected against challenge 
with the Titration 
of the 
nized against MNI viruses and in compara 
indicated 
dilution, 


equine abortion virus 


abortion virus in hamsters 
hamsters 


0.3 to 0.7 


ble eontrol 
indexes of 


protection 
log which 
are within limits of variation for the titra 


procedure Hamsters immunized 
similarly against heat-killed abortion virus 
of abortion 
virus from normal had 
no significant HI activity against the MNI 
Since the influenza 
of Jones et al.*° has been shown to be iden 
tical with the ex 
periments reported here confirm their re 

that 
equine 


were protected against 10° Ld 
Serum hamsters 


Viruses equine Virus 


equine abortion virus,* 
recovered 
neutraliz 
The 


influenza 


horses 
influenza did 

the A, B, or swine influenza 
present study included 
A, influenza A’, influenza B, influenza ¢ 

Sendai which is tentatively designated as 
influenza swine influenza 
Neweastle disease. There is no 
relationship of the equine abortion virus to 
the MNI 

In addition to being serologically di 

tinct, other differences exist between the 
abortion virus and the viruses of the MNI 
the the 
virus induces development of intranuclear 
bronchial epithelium 
hepatic cells 
' The lesions 
with the most 
the 


inclusion 


port serums of 


from not 
Virises 


Virtses 


mumps, and 


serological 


group 


group. In equine fetus, abortion 
bodies in 
alveolar cells of the 
endothelial cells, 


suggest pantropic properties 


inclusion 
lungs 
and others 
pronounced lesions being present in 
Intranuclear 


been 


and liver 


have 


lungs 


bodies not described tissues 


of young or adult horses infected with the 
culture 


However, in tissu 
from adult 
horses were infected by the virus and d 
Intra 


abortion virus 


preparations, many tissues 


veloped typical inclusion bodies 


DIFFERENTIATION O1 


VIRUSES 


the 
hamsters and in the 
and 


hie porate 
cho 
liver of an 
Intranucleatr 


inelusions 
infected 
rioallantoic 


nuclear oceur in 
cells ot 
membrane 
fected chicken embryos 
bodies not characteristic le 


inclusion are 


infections caused by the influenza 
NDV 
ture have reported 
sions in acinar cells of the parotid gland in 
but 


sions in 
Viruses and Johnson and Goodpas 
¢ytoplasmic inelu 


mumps infection of monkeys spec 
ficity of the lesion was not proved 


The host 


abortion 


range for the 
the 
Infection 
and the 


abortion 


natural 
limited to 


known 
virus is 
which has 
confirmed are the hamster 
Presently the 


chicken em 


Laboratory hosts in 
been 
chicken) embryo 
virus has been propagated in 
alter 


and 


bryos only adaptation to hamsters 


The 


may be 


human swine influenza viruses 
propagated in chicken embryos di 
rectly the host 
with amniotic inoculation 

B, and influenza 
for ferrets 


Influenza © 


particularly 
The A 


from natural 


Swine VITUSES 
hamsters 

ferrets 
and The 


equine abortion virus was not successfully 


tive mice, and 


virus Is infeetive for 


hamsters but not for mice 


passed in ferrets and is not infective 


for mice. Mumps virus is infective for 


suckling mice by intracerebral inocula 
tion The Sendai 


ferrets 


virus is infective Tor 


mice and hamsters 


SUMMARY 


The ological relation 
ship of the equine abortion virus to the in 


fluenza A 
influenza 


ol se 


possibility 


influenza B, influenza ©, Sendai 


Swine mumps, and Neweastle 


disease viruses was studied by serum-viru 


hemagglutination-imhibi 


tech 


neutralization 


tion, and protective immunization 
niques 
Anti-abortion 
tralize infectivity for 
inhibit 
cells by 


disease 


Virus serum did) not neu 
embryo 


blood 
ast le 


chicken 
chicken 
mumps, News 


avgvlutination of red 
viruses of the 
and influenza group 


Newcastle 


hid 
sertuimis aia not 


Anti ps disease, and in 
fluenza virus 


feetivity of 


neutralize 
hamster adapted equine abort 
tion virus 

Hamsters immunized against the 
Newcastle 


were not protected agaist the abor 


and influenza virus 


disease 


tion Virus 


The that 


virus is serologically and immunologically 


results show abortion 


266 


distinet from viruses of the mumps, New 
and influenza Dif 
ferences in the host range and specifie le 


castle disease, group 


sions have been discussed 
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Agglutination of Horse Erythrocytes by Tissue Extracts from 
Hamsters Infected with Equine Abortion Virus 


WILLIAM H. McCOLLUM, Ph.D.; E. R. DOLL, M.A., D.V.M.; 
JOHN T. BRYANS, Ph.D. 


Le rington, 


EQuINE virus abortion was first described 


by Dimock and Edwards 
experiments and elinieal and path 
of the 
Dimock ef 


to 


Transmission 


were reported by 


hamsters, 


ological fentures disease 
Dimock 
Doll ef 


hamster 


and by respeetivel 


pted the the 


ind 


ad 
idapted 


virus 
n is 


propag ited at 
that 


virus in tur 


embryos Other studies indicated 


ehieken 


equine abortion virus and isolates deseribed as 


equine influenza re closely 


al 


idlentic 
Prior 


hamsters, ¢ 


ibortion virus to 


that 


the 
fetal 


to the adaptation of 


tracts of equine tissues col 


were em 


Red 
cattle, swine, 


inclusions 
HA 


horses, 


tained abundant intranuelenr 


ployed in hemagglutination studs 


cells r from 
rabbits, 
All 


of 


blood 


chickens, guinea pigs, and 
hegative 


if 


sheep, mice, 
tested trials results 


in 


mah were 
The high 
hamsters, often reaching 5 x 
desirability 


tissues 
lethal 
of 


content irus 
10 
examin 


of 


per gram, suggested the re 


ing the hemagglutinative 


thortion 


potentialities the 
virus 

This paper deseribes attempts to obtain 
agglutination of certain mammalian eryth 
rocytes by hamster-adapted equine abor 
tion virus and the resulting observation of 
an agglutinin, not neutralized by specific 
anti-equine abortion serum, common to cer 
tain tissue extracts from hamsters infected 
present in ex 


virus but not 


similarly 


with abortion 


tracts prepared from normal 


hamsters 


MeTnops 


Three 
abortion irus, 
Kentucky 


**strain’’ 


Viral St strains 
adapted 
tucky-B, 


studies 


ains 
equine Kentu 
ind DD, were the 
The 
mn 
and defines 
Kentucky-A was 
ik of 


the 


th 


ik 


term means only that 


particular outbre 


the 


eulture from a 


entity within 


pecies 


not 


obtained from a naturall 


curring oO virus abortion in 


1953 fron 
ickling hame 


mate 


/, 


the 


im ¢ 
The 
equine fetu 
Maret 


Kentucky-B originated from quime 
at iborted 
direct 
March, 
thre 


the 


tl in Februar virus W 


passaged b 


Wiss 
inoculation of an 
gain 
ige 
material used 


115th 


in 


ind in 


fron 1053 
ind 


wis 


im 


to hams 


studies from the hams 


ing 
Kentucky 


aborted 


from equine 


It was 
fetus 


ume 
1052 
of equ 


Second pass 


wis in February, 


twice by direct inoculation rhe 


1953 ige viru 


ntl 


itero in February, 


idapted to suckling hamaters and 


ager in older ham 


experiments wa ! 


numerous 
theme 
ster pass ‘4 


through pas 
Material 


earried 


sters used in 
to 150 

which died 
1.0 mil. of 


from a 


rived from 
Hamsters 4 
intraperitoneal 


to 06 weer 


inoculation with in 


containing ipernatant 1) 
homogenate of 
of the virus 


IS and 36 


infeeted liver served 
Death ist 
hours after 
Blood « 


saline cont 


saline 


il wourre 


tween ron ition 


Erythrocytes if 


pining 


collected 


citrate 


in 
The 


species was 
sodium red 
three 


10 


cent 


washed times in and made up b 


ime to a cont ispension in 


HA 
karti 


tis 


per 
tests 
fo 


Hemadqalutinin 


action of Tissues 


collected 


were from 
injection of 


tissues \ 


pool was m 


sues 


viru ind 


from equine bortion 


like cent shane 


per 
} 


oeck grinder 


made 
nding thor 


homogenate 


Kr 
Phe 
if 


l 


ch 
TenB 
centrifuged 


nate 


itt i 


oughly 
vere Internation 
ntrifuge ninfects 
killed 
The 


refrigerated ce 


hamaters ere tracted 


i like manner 


Hlemaagalutinati 
lilution of 

twofold d 


containing 


fetus 


studies enme from the I8ist hamster 
4 
the f 
ter pel ig 
I « fetus that 
isscad é 
fter 
blood es were 
aiitte for 
Var 
— 
vr 
! 
tudis lered a 1:10 dilution of 
Text Starting itl 
ti i extraet ipernatant ‘ 
° ere made in 13 x 100 mm, tub 
mn horted fetu Red blood fa lL per cent 
nd subse ispension, were mixed with each dilution, 1 
quently carried througighumerous | ge patterns certained after standing for 
hamsters 4 to ¢ eeks old The Mri ised is proximate one hour ndieated | the 
control tubs The end point was considered 
Fr t D tment Pat Kent ist tube to she complete agglutination HA 
Agricultural Experiment Statior Lexington ipported init 
s grant made by the Grayson Foundation, I: Hemaaag nation -Inhibitio Tent Starting 


tions were made in fom, volumes 


eal saline contained in 14 %*%100 mm 
HA units of tissue « 


volume, were mix vith each dil 


xtract, container 


ten minutes 0.2 i fal. per es 
of horse r.bu as added to each tube 
terns were aseertained afte 
ites at room temperature 
om ple ment-Fivation (c.f 

nique employed has been deserib 


Hamster Lethal Dose (ld 


Tenfold dilutions of tissue extraet vere made 


nations 


saline and 4 hamsters 4 to 6 weeks old 
lated intraperitoneal! with each 
lution The Ld 


Reed and Muench 


were 
ippropriate 
titer wih enlieulated 


method of 


ResuL 


Erythrocytes for 
Agqagqlutination by Liver 
Normal and Infected Ham 
blood cells from the 


guinea pig 


Testing Mammalian 
Susceptibility to 
Extracts from 
Red 


hamster, 


sters chicken 


Mouse, sheep, hog 
rabbit, cow, and horse were subjected to 
HA 1, 27, 37 C. Red bloed 


cells from the chicken, vuinea pig, sheep, 
were not agglutinated. Ag 


tests at and 
hog, and cow 
glutination of mouse and rabbit erythro 
cytes was very erratic, but horse r.b.c. were 
agglutinated consistently to a high titer at 
each temperature. Extracts of livers from 
uninfeeted 
r.b.e 


hamsters did not agglutinate 
number of 
effect 
of the individual on susceptibility of the 
r.b.e to table ] 


horse Subsequently, a 


horses were bled for determining the 


equine agglutination 


Red blood cells of all horses appear equally 


liver ex 
thre 


patt 


susceptible to agglutination by 


tracts of hamsters viral 


rhe 


these 


infected by 
strains agvlutination 


duced by 


pro 


extracts were extremely 
stable as they remain unchanged on stand 
4 least 12 Also 


ing at 27 C. for at hours 
were shaken new 


and the 
patterns observed, the titers approximated 


when the tubes 


the original readings 

Effect of Immune 
Horse Erythrocytes 
of rabbit origin were unsatisfactory sine 
they, 
glutinated horse r.b.e 


Serum on Agglutina 


lion of Antiserums 
as well as normal rabbit 


to a high titer 


SCTUIIS, AY 
Nor 
and from horses 
natural infection with 
equine abortion virus were also employed 
Normal and immune serum 
larly in that no 
of agglutination 


mal horse 


immunized by 


serum serum 


behaved Simi 
inhibition 


Serums 


appreciable 
occurred from 
horses that had received massive doses of a 
30 per cent liver 


formolized homogenate 


TABLE i—Agglutination Titers of Liver Extracts 
from Hamsters Infected with Equine Abortion Vi 
rus for Equine Red Blood Cells 


prepared from infected hamsters caused 


considerable inhibition of agglutination 


immunized avalitist 
KM1, 


Lee, and Shope-15 strains of influenza vi 


chicke 
Newcastle diseas 


Serums from 


virus and the 
rus did not inhibit agglutination 
Distribution of 


Tissues Six 


Ham 


weeks 


Hemagqaglutinin in 
hamsters, 4 to 6 
old, were inoculated intraperitoneally with 
the Ky D) strain of abortior Certam 
collected from dead 
hamsters and pools of like 


virus 
tissues and urine were 
materials made 
Blood, urine, and supernatants from the 10 
per eent tissue homowe nates were tested for 
their capacity to agglutinate horse r.b.c 
table 2 
lung, and spleen agglutinated r.b.c. to a 
rather high titer whil 


of brain, kidney, heart 


Urine and extracts of liver, 
blood and extracts 
and skeletal muscle 
caused minor or no agglutination, Except 
for urine, which contained smaller amounts 
of virus, each preparation had a high ham 
ster Ld 

Adsorption of Hemagqglutinin by 
Red Blood Cells Three 
Absorption of 10° per 


with equal volumes of 1.0. per 


content 
Horse 


trials were made 


cent liver extracts 


cent horse 


r.b.c,. for 30 minutes reduced the titer very 


TABLE 2—Distribution of Hemagglutinin (HA) 
in Hamsters Infected with Equine Abortion Virus 


Spleer 
Krain 
Kidne 

Heart 
Blood 


Mu skeleta 
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iologi 
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ition and after 
Ihe pat 
for 4 mil 
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tee} 64 
i f 
64 f 
hie 
liar ter ad 
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steria 
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TINATION OF 


TABLE 3—Effect of Heating at 56C. on the 
Hemagglutinating Capacity of Liver Extracts from 
Normal and Virus-Infected Hamsters 


Strain Ky-A 
Strain 
Strain Ky I) 


orma 


ILA 
packed 


reduction of the 
when 1.0 ml. ot 
cells was incubated similarly 
of extract. The 
completely in equal 
tract and packed cells 

Effect of pil and Ileating on 
ity.—For the pH 
extracted in saline buffers at pH 6 


Ss, and 9 


little Considerable 


content occurred 
with 5.0 ml 
absorbed 


agyvlutinin Was 


volumes of ti le ex 


study, hamster livers 


were 


and each supernatant was sub 
ected to HA tests at the corresponding pil 
Ageglutina with 


extract 


ion to a high titer occurred 


each 


Liver extracts prepared from normal 


hamsters tnfected with 
Ky-B, and Ky-D 


After 5, 10 


hamsters and from 
strains Ky-A, 
heated in a ¢ 


30. 60 


viral vere 
water bath 


120 


re collected and 


ana minutes 


tested for HA 


SAT Pies 
activity able 3 Unheated extra ‘ 
agglutinated 
while 
hamste! Vi 
After 


ed hamsters 


titer 


toa high unheated 
from unimifected 


five minute 


a ‘ 
heating for 
the HA titers of viral super 

yvreatls 


without capacity 


reduced and re 

the same le 
Normal 

extracts which had been heated produced 


hatants vere 
approximately at 


test 


throughout the 


maimed 
period liver 
similar agglutination-like 
titer 
of viral infeetion apparently 
after five 


patterns of equa! 
The agglutinin produced as a result 
is destroyed 
minutes at o6 ¢ Agglutination 


TABLE 4—Hemagglutinative (HA) and Comple 
ment-Fixing (CF) Activity of Filtrates from Seitz 
EK, Selas 02, and Ultrafine Filters * 


Horst 


equine abortion Virus appears at 


ERYTHROCYTES 


obse rved 
heated 
extracts from either normal or 
This 
to be caused by partial coagulation of the 
heat 

Filtration and Ce nirifugation Studies 
HHamster liver 
through Seitz EK; 
filters Schleicher 
medium and 
to 


like patterns, however, 
the first 
liver tissue 


infected 


were 


three or four tubes with 


hamsters reaction appears 


extract by 


eXtracts 
las Ov: 


were passed 


and ultrafine 
Schuell 


and 


coarse 
dense, yrades hav 


OOS to OOo. 


vers 
Ing porosities 0 
to OO] O.OL to 
These 


activity 


and O.005 
tested 
The 


mnfectivity 


respectively 
tor ef and ILA 
ultrafine filtrate 


but the Seitz 


filtrates were 
table 
tested for 

filtrate 


were 


Selas were not. bee 


and “use ol 
lad titers approximately equal 
of the unfiltered material. The Seitz 
ultrafine filtrates had no ILA activity 
Selas filtrate 


rom 


that 


previous occasions such filtrates 
ster 
ana 
The 
but 


caused that wa 


slightly diminished unfiltered mate 
The 
fine filtrates fixed complement ; the 
and den filtrate 
complete fixation; and the ultrafine 
All filtrate 


rial Selas, Seitz, and coarse ultra 


mediin 


produced 


ul 
model |, 0, 40 rotor 
mainte The supernatar 
activity; however, when the sediment 


full HA 


Val 
supernatant fixed complen 


resuspended 
The 


infective Tor 


erved 
and was hamster 

Time Development al Hemagalu 
Hamsters 
ally 


abortion 


moctiated 
with 10 Lal 
irus. At 5, 6,9, 15 
21 hours after 
Killed and = their 
tracted The of. capacity, the 
La and the HA activity 
mined. Complement fixation 


tivity first 


vere 


moculation o hamster 


livers pooled and ¢ 
hamster 
dete! 


HA 


hour 


were 
and 
appeared mine ana 
throughout 


will bye 
paper 


almost 
period. These 


remained 
the test 


fully 


each eonstant 
results 
anothe ! 


deseribed in 


hemagglutinin present in 
infected 
first 


spech antiserun 


certal 
if hamsters vith 


in «that 


‘ 
im. J. Ver. Ke 
\PRIL 1956 
er extract l 
vere ride ‘ pt tha ! el 
Hite r 
Ts per ent hamster | ! tract i 
qt 
Med 
Very d Th 
Sohle rand &S filters ‘Ving porosit 


270 


with high neutralizing capacity does not 
inhibit agglutination 
infectivity 
such 


Serum 


by 
r. be 


neutralized 
se runs agglutinate horse 
of immunized with formol 
ized liver tissue of infected hamsters, 
ever, inhibition of agglutination 
Unfortunately, serums from horses immu 
with similar of unin 
hamsters were available 


is completely 
still 
horses 
how 


caused 


nized 
fected 
comparative study 


preparations 
not 
These studies suggest 
that agglutination of horse r.b.c. is caused 


by some factor produced as a result 


pathological alteration of the tissues and 
that this the 


particle 


factor is distinet from virus 


Evidence that the infection is 
ble for the production of the hemaggluti 
Hin is demonstrated by the complete lack 
of HA normal 
Further that the 
is not intimately associatel with the viral 
particle is that the hemagglutinin does not 
through the Seitz EK filter while 
most of the infectivity does. The Selas 02 
filtrate, both the 
tivity and hemagglutinin. Centrifugation 
removes the hemagglutinin without remoy 
ing infectivity. These studies indicate that 


responsi 


activity tissue extracts 


idence 


in 
hemagglutinin 


Pass 


however, contains infee 


the hemagglutinin is a rather large particle 
and that it to the Seitz filter 
which accounts for its inability to appear 
in the filtrate. The high hamster Ld 
tent of blood, brain, kidney, and heart and 
the almost total absence of HA activity is 
another indication that the hemagglutinin 
is distinet from the infective particle 


Is adsorbed 


Adequate studies have not been done on 
hamsters infected with equine abortion vi 
rus to assist an explanation of why some 
tissues have agglutinin and others do not 
It is conceivable that the high viral content 
of the kidney, muscle, brain, and heart is 
a result of viremia and not due entirely to 
multiplication. It is possible that the he 
magglutinin is present, for the most part, 
tissues where most of the multi 


in those 


plication occurs 
SUMMARY 
A hemagglutinin for horse erythrocytes 
is described. It is common to certain tissue 


extracts from hamsters infected with ham 


ster-adapted equine abortion virus but is 


Even extracts whose 


for 


of 


J. Vet 
1956 


BRYANS Res 


APRII 


DOLL 


not present in extracts prepared similarly 
from uninfected hamsters 
Red all 


equally susceptible to agglutination 


blood cells from horses appear 

The hemagglutinin is present to a high 
titer in liver, lung, spleen, and urine. Lit 
tle, if any, is present in brain, kidney, skel 


etal heart All 


sessed a high hamster Ld content 


muscle, and tissues pos 
Specific anti-equine abortion serum did 
inhibit 
horses that 
with a formolized 
prepared from infected hamsters inhibits 
This that the he 


magglutinin and virus particle are not in 


not agglutination; however, serum 


injected subcutane 
liver 


from 
ously 


were 


homogenate 


agglutination 


sugyvests 


timately associated 
The 


horse 


be 
activity 
56 it 


adsorbed by 
ce 


Is 


hemagglutinin 
red blood 
stroyed after five minutes 
completely removed by 
105,400 g¢ for 90 minutes; Pass 
through the Seitz EK filter but does pass 
through the Selas O2 filter, whereas the vi 
rus passes through each without apprecia 
ble reduction of titer 


Can 


cells: its IS 
at 
centrifuging at 


it does not 


The hemagglutinin is detectable in ham 
ster tissues approximately nine hours after 
intraperitoneal inoculation with 107° Ld 
of virus 
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Studies on the Depression of Radioiodine Uptake by the 
Thyroid After Phenothiazine Administration 
ll. Effect of Phenothiazine on the Horse Thyroid 


B. F. TRUM, D.V.M., and R. H. WASSERMAN, Ph.D. 
Oak Ridge, Tennessee 
PHENOTHIAZINE N.F. (green) was found Level Therapeutic Doses of Phenothiazine on TI 
by Talmage et al.’:* to suppress the uptake "04 Uptake of Radiwiodine in Stabled Ho 
of radioiodine by the thyroid gland of a Experiment 1,—Seven stabled horses were mais 
number of species Two possible mecha 


tained on a hay ration having less than 22 wag. « 


: ; iodine per 100 Gm, for a month prior to treatment 
nisms were presented to explain these 4 


: : horses were allotted to groups 40 that horse 
observations 1) iodine, an impurity in 


served as controls, 2 were given an oral dose of 
commercial phenothiazine preparations, 5 Gm. of phenothiazine N. F. (green) and 2 we 
saturated the thyroid gland and diluted — given 0.103 Gm. of potassium iodide. The tot 
the radioactive lodine with the stable iso iodine content of the KI and the green ph 


tope or (2) some agent other than iodine in thiazine was equivalent, Twenty-four ho 
treatment each horse wa intravenous 


commercial phenothiazine truly inhibited 
ith 30 we. of earrier-free 1-131 Phe 


thyroid function which would result in hy 


ietivity imulated by the thyroid was weriod 
pothyroidism. The first suggested mecha = 


eally measured externally with a sensitive seinti 
nism may not be necessarily detrimental to attached to count sate mote: 
hormone synthesis or iodine accumulation distance of 20 em. between the probe and the thy 
by the thyroid if the levels of iodine are roid area was chosen becaus all movements of 
sufficiently low At higher levels, iodine the probe or animal at this distanee did not ay 
would not only depress or suppress thy preciably change the reading 
roidal uptake of 1-131, but also would in As in other species, it was found that 
hibit thyroid hormone production. The phenothiazine N. vreen depressed 
evidence presented in the previous paper 1-151 uptake by the horse thyroid gland 
of this series ° indicated that the iodide ion fig. 1 Under these conditions, potassiun 
in phenothiazine N. F. (green)* was the todide appeared more effective than pheno 
primary agent responsible for the observed thiazine in decreasing the accumulation of 
thyroid effects radiolodine. In contrast, the chick ® and 
It was deemed necessary to determine the rat" responded about the same to both 
whether the levels of iodine encountered in KI and phenothiazine N. F. (green), Thess 
therapeutic doses of phenothiazine were differences tended to (1) give support to 
sufficient to depress thyroid funetion. the suggestion by Talmage et al.’ that var 
Whereas an induced hypothyroidism may lous species respond differently to pheno 
be a distinct advantage in some phases of thiazine N. F. (green) or (2) indicate var 
animal husbandry, it would be contra lations in experimental conditions othe: 
indicated in raising Thoroughbred horses. than species differences. Subsequent ex 
The purpose of the present study was to periments bear out the latter postulate 


evaluate the effects of phenothiazine in the Experiment 2.--The effeet of continuou 
low level dos if phenothiazine on tl 


therapeutic dose range on the thyroid 
» cumulation of idioiodine ex 
physiology of the horse rad une 
e . After ing tom of phenothiazine 
MeTHOD EXPERIMENTAL Dat gree! ! oral hor 
intruve injected th 10) 
s of Single High Level or Continu 
d with The 
Aton ad externally 
Program, Oat time intervals 
Grayson Kense ou on 
i ion 
Dr. B. 
Corps, | 
at the Med 
Studies iyroi Wi ybserved under thes 
mercial phenothis ‘ N 
Impure al phenothiazir table 
ish color as distinguishec ym purified 


thiazine not usually offered commercial This preliminary experiment indicated 


‘ 
if fter 
Injector 
itt 
tur 
r | 
71 
4 


Bb. F. Traum anp 


that a continuous therapeutic dose of phe 
nothiazine was unable to depress the ac 
cumulation of by the 
thyroid 


radioiodine horse 


TABLE i—Effect of Continuous Daily Low Level 
Phenothiazine Treatment on Uptake of Radioiodine 
by the Horse Thyroid 


ptake of Radioiodine 


ot dome 


Hours after 1-131 


administratior 
Treatment 


Control 
Control 
Vhenothiazine 


(green 


Vhenothiazine 


Dose level 2 Gm da 


per 


measurement and during course of 


ffecta 


and 


of 


Tissue 


Phenothiazine on Blood Disappear 
Distribution of Radioiodine 
Thyroid Histology in Stabled Horses kK 
Further comparison of the 
KI the thyroid 
included study of the | 


distribution of 


anes and 


on peri 
effeets of 


iology 


ment 
phenothiazine and 
of the 


nously 


on 


the 


ph 
horse 
arance and ti 
injected 1-131 


graphical obser 


ssue 
Histological and 


itions of the thyroid g 


phenothiazine treated animals were i 


Two horse maintained on a low iodine 


oral dose 


tion, were 
of 


given a singl 


(im phenothiazine 


green 


R. H 


WASSERMAN 


KI 


following 


iodine level of Another 
The day 
intravenous! 


I-13] 


horses 


lent horse served as 


eontrol. treatment, each ani 


me of 


taken 


mal was injected ith 5 


cearrier-free Daily blood 


the 


sampies were 


the 


ad for radionetive 


until were destroyed on sixth day 


Tissues were obtaine and 


the thyroids placed in formalin for future histo 


logical and autoradiographical preparations 

Close examination of the plasma disap 
fig. 2) indicated that 
1-131 disappeared at a similar rate from 
the blood of the horses treated with either 
KI or green phenothiazine N. F. The con 
trol horse values fell parallel with the ex 
perimental levels for approximately 16 
hours but declined much less rapidly there 
after of 1-131 from 
plasma are dependent mainly on four met 


pearance curves 


The disapp arance 
abolic processes, namely 1) the uptake of 
inorganic 1-131 by the thyroid 
ment of 1-13] 
1-131 via the urine and 
of 1-131 labelled 
from the thyroid back 


rOCeCSSeCS 


2) move 
of 
the 
hormone 


into tissues, excretion 


and 


roid 


feces 
thy 


into the circulatory 


release 


system and 4 are 
responsible for the rapid disappearance of 
1-131 immediately after dosage. The 1-13] 
accumulated by the thyroid Is incorporated 


th 


released 


into hormone 
the thy 
process } 


the 


newly synthesized roid 
and 
roid 


As 


subsequently from 
this 


indicated 


bound form 


by the 


iti 


slope-changes in 


Fig. 1—The effect 
of phenothiazine 
and potassium 
iodide on the up- 
take of I-131 by 
the horse thyroid. 
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4 6.5 
7 “ 6.2 
(green) 2 ; 6 
16h days before thyroid 
intrave 
itoradio 
from 
of either ) 
f 
e 
| 
| 
Bie 
1 
A 
I | 
e 
| A 
| 
| 
14 
4 ; 4 


UpraKkt 


bound radio 
part of total 
22 hours fol 


The produe 


disappearance curves (fig. 1 
iodine detectable 
plasma approximately 
lowing 1-131 
tion of protein-bound | 
hibited the 
determined values for 
tein-bound (PB) [-131 
cent in all animals four days after treat 
Because the thy roids of the treated 
much 131 than 
the 
account 


became a 


administration 
131 


animals 


not 
the 


pro 


was 
in dosed 
percentage ot 
were about 55 per 
ment 
horses accumulated less | 
the the 
1-131 rapidly disappeared 
tory pathways. This would 
the quantitative differences in total 1-131 

The distribution of 1-131 in the thyroid 
gland, liver, kidney, brain, and 
adrenal glands is shown, as percentage of 
Aliquots of 
counted in a deep-well 
As was the case with 


excess plasma 


Via 


eont rol, 
exere 
for 


spleen, 
the injected dose (table 2 
the 
scintillation counter 


Tissues were 
the external thyroid measurements, potas 
phenothiazine similarly 
The 


TISSUES 


sium iodide and 
depressed thyroidal uptake of 1-131] 
of 1-131 in the examined 

was also depressed to about the same de 

gree by the administration of KI or pheno 
thiazine N. F LeLoup? reported 
that thiouracil depressed the accumulation 
of I-131 in the thyroid of the dogfish, ac 
companied by the expected increase in uri 
nary excretion of 1-131 and an increase of 
1-131 content Any agent 
which specifically inhibited thyroidal 1-151 
uptake affect the 


amount 


(green 


in Other tissues 


would not necessarily 


Fig. 2—The effect of phenothiazine (green) N 
in the 


APTER PHENOTHIAZL 


ADMINISTRATION 


1-131 taken up by other tissues The 
quantitative similarity of the dis 
the phenothiazine Kl 


horses suggested that the agent in the phe 


tissue 


tribution in and 


of Potassium lodide (KI) and 
N. F. (Green) on Tissue 
I-131 in the Horse 


TABLE 2—Effect 
Phenothiazine (PTH) 
Distribution of 


tota 


nothiazine diluted the trace dose of 1-151 
as did KI, or adversely affected the iodine 
uptake all of the body The 


former possibility more plausible 


TISSUES 
the 
Examination of the autoradiographs and 


by 


Is 


histological preparations of the thy roids of 
the 3 horses revealed no changes attributa 
ble to All 


and thyroid hypertrophy of 


treatment appeared normal 
the thiouracil 


The 


vyrams showed that, qualitatively 


autoradto 
the dis 
tribution of 1-131 in various compartments 
of the colloid, cells 
ete was the same for the control and the 
horses These observations 
are mn to the effects of 
thiouracil which prevent the appearance of 
the colloid of the thyroid 
plake and Protein - Bound lod 


type was not in evidence 


thy roid acinatl 


experimental 
eonutrast propyl 
iodine 

Thuroid 


F. and potassium iodide on plasma I-13! levels 
horse 


APRIL 105¢€ 
samy (‘ont KI pry 
Spleer o2 
itrair ’ 
a 
8 
j 4 44 46 ‘ 54 
~ 


TRUM 


b. F 


Pastured Thoroughbreds roid 


depress the 


True antith 


ll eventually stemiec thyroid 


hormone vel. Symptoms of hypothyr such 


us decreased tissus respiration, obe lema, 


and lower metabolie rate, would then oecu The 


TABLE 3—Effect of Potassium lodide and Pheno 

thiazine on I-131 Thyroid Uptake and Serum Pro 

tein-Bound Iodine (PBI) Level in the Pastured 
Horse 


are from 
tandard 


entl 


estimation thyroid hormone level Wis 


undertaken order to aseertain whether pheno 


purified phenothiazine 
treatment, in inhibited th 
svithesis in the horse At the 


them 


thiazine N. | (green) of 


netuality, roid 
same time, 


thyroidal 


hormone 
the effect of 
1-131 


as comp ired to 


agents and KI on 
horses 


determined pastured 
stubled 


uptake wa 
horses in the previous 
section 


Experiment 4 Twenty 


seven pastured Thor 


groups table 
prior to test no iodized salt was 


oughbreds were placed in four 
and for 50 days 
Group | served as 
given, 
‘5 Gm. of phenothiazine N. F 
of purified phe nothiazine N. F 
dose T 


intrave 


necesaible animal 


control Groups 2, 4, and 4 were orally, 


tim. of KI, or 


green), or 25 Gm 


re pectivels cap ular ents 


ifter treatment ill horses were 


with | me. of earrier-free 1-151 


hours 
nously injeeted 


The aeeumulation of radioiodine by the thyroid 
eimtilla 


blood 


prot in-b 


wis measured externally with a portal 


tion dose rate meter for five days Daily 


obtained for serum 

Serum PBI was de 
serum with 
eold 10 per PCA), wash 
the precipitate in TCA, and analy yw the 


total 


Amples were 


PEI 


termined bys 


jodine determinations 


precipitating proteins 
cent trichloraceth 


ing 
precipitate for 

The thyroids of the control horses and 
horses receiving purified phenothiazine ac 
cumulated 14.2 per cent and 12.9 per cent 
of the 1-13] 
while the animals getting Kl 
phenothiazine accumulated 6.6 
and &.4 per cent of the dose, respectively 
table 3 Both KI and phenothiazine 
N. F depressed thyroidal 1-151] 
uptake by approximately 50 per cent. In 
this experiment, KI was no more effective 


dose, respectively, 


and green 


per cent 


(yreen 
in depressing 


than phenothiazine 


green 


AND R 


H. WaAssERMAN 


This 


response ol the 


thyroidal 1-131 uptake suggested 
that the different 
to KI vs. phenothiazine in stabled animals 
due to different experimental condi 
tions not discernible at this 

The 
hormone, as serum 
differences 
either 


table 3 


thy roid 


Was 
time 
estimation of circulating thyroid 
no sig 
nificant between those horses 
that 


and 


received phenothiazines 


Although 


valent to serum 


the controls 
is not equi 
trl mdothy 


been used 


quantitatively 


thyroxine jodine (or ronine 10 


dine), it has xtensively as an 


estimation of thyroid hormon These re 
that the phi nothiazines did 
not alter the synthesis of thy 


the 


sults indicate 


roid hormone 
horse 


Dts 10 


Kxamination of data indicated that phe 
nothiazine N. F 
affected the 
the horse 


green) and KI similarly 
pattern of 1-131 in 
roidal 


imately the 


metaboly 
Kach 


accumulation to 


reduced thy 
approx Same 
extent and resulted in a 
tribution 
1-153] 
gland was apparent in the phenothiazine 
treated 
autoradiographical 


similar tissue dis 


and disappearance of 


No evidence of an abnormal thy roid 


plasma 


horses as indicated by histological 
examination In 


phenothiazine 


and 


addition, the horse serum values were 


not depressed by admin 
istration 
Purified 
other hand, did not 
lation of 1-131 by the thyroid 
avreement with the large animal studies of 
Talmage eft al 


the 


aceumu 


phenothiazine N.F., on 
suppress the 


This is in 


where external 
Was employed Later experiments by 
Nachimson ef al.° and Wasserman ef al 
indicated that purified phenothiazine N. F 
caused a small but significant depression of 
thyroidal 1-131 uptake in rats and chicks 
these latter studies, the 
excised and the 


a deep-well sem 


counting 


respectively. In 


thyroids were activity 
measured more exactly in 
tillation counter 

The present studies confirm the previous 
that the 


green) is explainable on the basis of 


findings action of phenothiazine 
N.F 
the available iodine 
the level of 
PI 
the #Henothiazines, th 
in these preparations was not sufficient to 
result in abnormal thyroid function. This 
the earls studies 
Eddy et al.” ob 


present therein Sines 
thyroid 


Was not depressed by 


hormone as 
either KI 
amount of 


serum 


ine 


IS borne out by 
with phenothiazine wher 


‘ VET Les 
drugs 
I roid uptake 
‘ of 1-141 Vist 
Preatment mime of de 

reen)* i + f 
PTH (purified )* 6 1.3 
tabled horw mean rror of at 
range of alue parol ‘PTH phe 
een): PTH (purified net 
purified 


RaApDIOlODINE UpTak! 


served no pathological changes in the rat 
to the continuous ingestion ot 


300 Recently 


thyroid duc 
phenothiazine for 
Nachimson ef 
changes in the rat at dietary levels of 0.075 
although thyroidal 
reduced by 


days 
found no gross thyroid 


per cent phenothiazine 
1-13] 

Based on the data presented in this paper 
from the litera 
that 


the horse thy roid is not sig 


uptake was one-half 


and the information cited 
ture, the 
tabolism of 
nificantly affected by a single therapeutic 


phenothiazine N.F 


conclusion is drawn the me 


dose of green 


though a depression of 1-131 uptake 
demonstrated 


SUMMARY 


] The effect of 
thyroid gland of the horse 
Singl therapeutic doses of pheno 


thiazine N. Fk found to de 


phenothiazine on the 
was evaluated 


yvreen were 


press thyroidal [-131 uptake in the hors 
Purified phenothiazine had no effect in this 


regard 


3 Low 2 


nothiazine N. F 
uptake of 1-131 
thirtieth day of 


daily, of phe 
did not 


either on the 


level doses. (am 


green depress 
thy roid 
eighteenth or continuous 
administration 

Phenothiazine N. F 
similarly affected the plasma 
ance curve and tissue distribution of 1-13] 


and KI 
disappear 


yreen 


in the horse 
5) Determination of 
hound iodine in the horse reveated no sub 


plasma protein 


AFTER PHENOTHIAZIN!} 


ADMINISTRATION, Il 


normal values due to phenothiazine treat 
ment 
indicates that phe nothia 


effect on thyroid 


6) This study 


zine has little, if any, 


horse 


function in the 
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The Static Intravascular Extracapillary Blood Volume of the 
Kidney of the Dog as Estimated by the 
Vinylite Corrosion Technique 


LOGAN M. JULIAN, D.V.M., Ph.D. 


Davis, 


Meruops for the estimation of the blood 
volume of organs are essentially those used 
for the detection of blood volume of the 
total body. They involve the injection of a 
substance which will blood 
stream for a satisfactory period with sub 
dilution of 
blood 


remain in the 


determination of the 
eirculating 


sequent 
that 
Blood 
have 
analysis for 
blood. Such 


substance in the 
volume determinations for 
involved 


removal of the and 


content of the 


organ 
circulating 
determinations result in an 
evaluation of the total volume of blood in 
the organ, There tech 
niques for evaluation of the blood volume 
particular portion of the vascular 


are no available 
of any 
system of an organ (such as arterial sys 
tem as compared to venous system 

The characteristics of the vinylite*® cor 
rosion technique are such that, upon care 
ful standardization, the technique can af 
ford a reasonably accurate direct means of 
determining intravascular extracapillary 
blood volumes for certain organs and the 
vascular or tubular 


Vinylite injections 


relative volumes of 
systems in such organs 
do not enter capillary beds; 


evaluated 


thus, each vas 


cular system can be indepen 
dently. This paper reports the application 
of this technique to the estimation of the 
extracapillary blood volume of the kidney 
of the dog and the relative volume of the 


arterial and venous systems in the kidney 


Merion 


dogs were used in this studs Esti 


total extr icapillary 


Twenty-six 


mation of the blood volume of 


dogs. Relative 


venous cireu 


the kidney was accomplished on 


arterial as compared to 


volumes of 


dogs 


ranged in 


lations were estimated in 5 dogs. The 


obtained from a variety of sources and 


ige from 6 months to 8S years. The procedure in 


volved the 
arterial or the venous systems or both 


vinviite eorrosion casts 
This 
weight compared to the 


preparation of 
of the 
east was weighed and the 


School 


Davis 


From the 
of California 


was obtained from the Bake 


Vinvlite 
St New York 17, N. ¥ 


California 


ection 


volume of 


This proce 


the vaseu 


dure gave 


ar centimeters This 


line Vas converted to 0 ie veight of a 
corresponding volume 
ter was expressed 


dure Phe 


weight of the 
Proce 


teelu 
steps 
Both kicne 


the preparation 


if 
evaluation of the norm 
other was cannulated 

4 The blood 
physiological 


The saline 


t) The kidney 

The eannulas ere remo 
standard length 


towels 
re trimmed to 
ible peritoneum and perirens 
The kidney was 
>) The 


Acetone was injected 


weighed 


ennnulas were rep 


the vinvlite solution 


tom 


from organ 


A standard cent vinylite 


in acetone was used fe ‘ etion, the injec 
tion being accomplished b ) gli 
A sample of vinylite is ects into a volume 
of iter producing represent 
ya known volume o ) iiss. This 


mass of vinvilite neeon prepara 


tion through all sueceed z ep thus insuring 


handling of tandard 

0) The kidney orro n erud 
trated hydrochlori Cus 4 vushed 
adherent fat was re ver ) ‘ Ikali 


or both and the 


uniforn 


concen 


veighed, Th 


hed Before 


enst 


imined b 
termine thre 
Those judged 
incomplete were a ‘ ‘ ) of the 


os, the casts usec complete 
interlobular 


Ina fe 


to the primar 


branches , glomert 
ere revealed 
Calculations 


invlite, whiel 


t of the fo 
remy On 44 
ections for 
Inevs 
ectiolr 
of 
paper 
ed I'he 
! itl icces 
fut removed 
for 
7 Air was used to fore most of the oom. ~ 
10) The was trimmed and 
tandard mass of vinylite 


EX TRACAPILLARY 


mass, divided vy 10 gave in expression of the 
vinvlite 


eust divided by the 


solution 


veight of 


veight 


The weight of the 


of 1 ee. of vinvlite solution represented the 


of the svstem of the 


cust 


vascular 
The volu of the 
gravity blood 


blood 


kidney 
times 1.05% 
of dogs equaled the 
represented by the cast 

4) The weight of the 
weight of the washed kidney 


into the 


blood wa 
step 4 
eight F divides weight of 
represented cust The resultant 


multiplied | represented the stati 
capillary ood i of the kicdne expresses 
k icine 


kidhnevs 


percentage o total 


weight of the 


Histologic imination of the 


this revealed degrees 


between the 


dogs in minor 


no correlation 


and the volume o 


Kidhevs the 


blood contained 


refore if was Assumed 
aceurneyv of the 
changes encountered ere 
the determinations in this 
No histological examination 
of dogs used for determina 
olume of 


is both 


arterial as eompared 
kidnevs were required 


determinations 


RESULTS 


Statice Intravaseklar Extracapilla 
Blood Volume al the kK ne of the Dog 
The blood 


volume for the 23 samples of this report 


mean value for extracapillary 
was 20.4 per cent of the weight of the in 

The 16.0 
cent with a standard deviation 
cent of the total the 


tact kidney range of values was 
to 26.2 per 
of 3.3 per weight of 
kidney 

Proportion of Blood on the 
irferial Sides of the Renal 


Estimation of volumes of 


Vy and 


Vascular Sys 
fem venous as 
compared to arterial systems in D dogs r 
per cent of 
and 65 per 
The range of val 
cent for the 
cent for the 


broad. it 


sulted in values of 35 
the 


cent on the 


average 


blood Onl the arterial sicle 
venous side 
was 27 to 43 arterial 


per 


per 
these 
that ther 


and 97 to 73 
side. Although 


to be 


sicle venous 
ranges are 
noted Is no overlap bi 


en groups 


fanding of 


au organ, the 


comple te 


anatomist must go beyond 


such considerations as form position, re la 


tions, and microscopic structure 


limes of tissue compartments stroma Vs 


parenchyma capillari vessels 


rt os 
a eri 


BLoop Vout ME 


rHE CANINE KIDNEY 


systems are of significance im respect to 
this goal 

The observation that the 
venous and arterial systems of the kidney 
of the dog exist in a 65 to 35 ratio illus 
the well fact that there is 
more blood on the Venous side of the 
than the arterial but 


this fact to the organ level 


volumes of the 


trates known 
extends 


lation side 


Evaluation of Technique Since no val 
nes for the extracapillary blood volume of 
the dog’s kidney the results 
compared with published val 


eXist, above 


can not be 


An evaluation of results must be 


made on the basis of consideration of the 


potential errors of each step in the pro 


cedure and their possible influence on the 
resultant values 

It would appear that few of the steps in 
the procedure could lead to an excessive 
The fact that the 
pared with the injection 
greater than physiological pressures might 
be the 


casts were pre 


mecdiim 
obvious source of 
fact that the injeetion 
further than the finer 
precapillary vessels would constitute a bat 
within the 


most potential 
llowever. the 
mass could pass no 


rier to excessive 

the 
vessels was limited by the 
distention being limited by the strong 
The fact that the kidney ts 


subject ad to reasonably 


distribution of vessels 
the 


nondistensible 


tomical 
extension of 
general nature of the 
ney 
capsule 
mally high 
lar pressures and is appreciably distended 
in the 
likelihood of an excessively artificial sit 
the 
might 
the adherence of 


sinus of the cast 


intact animal further decreases the 


tion being created in injected kidne 
Another factor which 
a higher value would be 
fat of the 
subsequent 
After 
treated 


remove the fat 


contribute te 
re nal and 
weight of 
thie 

with heated sodium hydro 
The use ot 


resultant 


inelusion in the 


cast removal from 
were 
solution to 
the 


tone might 


it denatures the tissue and free 


All the other 
incompletely 


fragment steps in the 
performed 
veights of the 


removal of the 


from the 
blood or at 
quent fluid would encroach 
available to the pla 


the final 


thie 
and thu 
result 


Ipplication al 


Techni 
technique pre 


6 
APRIL 195¢ 
specifie 
weight of 
ig f 
to the 
blood 
? 
gree of fibrosi 
particular 
that, ith the tin 
of no significunes 
of nin 
made of 
tion of re \ 
to venous tens 
for the volun«e 
1\ 
(| 
pra 
velns, and th olume of duet 


M 


umes of particular vascular or tubular sys 
tems. It might best be applied to organs 
which have the 
similar to kidneys since possible overexten 


physical characteristics 
sion of organs without a firm, unyielding 
capsule would produce a serious error. The 
technique might be applied to anatomical 
studies in differences or uni 
formity of volumes of vascular or tubular 
systems between species. Its application to 
flexible the 
might be aecomplished upon standardiza 


search of 


more organs (such as liver 


tion of the pressures used in the injection 
technique 

applica 
field of 


process Is 


Intriguing possibilities for the 
tion of this technique exist in the 
Admittedly the 


erude and in its present 


pathology 
rather form could 
not be « xpected to detect subtle changes in 
volumes brought about by some pathologi 
the influence of ex 


‘ al Processes : however 


as those brought about by 
the static 
detected 
This 


method 


Tersive ¢ hanges 


fibroth Processes volume 


of an might be and sub 


organ 
jected to deseription technique in 


combination with a for evaluating 
total blood 


method 


organ and a 
Warren 


Tissue of 


volume of an 
that 
for estimation of the connective 
would afford the 
with data by which he 


(such as used by 
anatomist or 
eould 
the 


an ooryvan 
pathologist 


a more complete appreciation of 


JULIAN 


volume relationships of capillaries, other 
vessels, stroma, parenchyma and duet SVS 
tems of an organ. How much 
ingful the illustration of the effect 
rhosis upon the blood volume of the liver 
would be if the 


expressed itl “a 


meat 
of 


more 


as presented by MelIndoe 


observation could also be 


semiquantitative fashion 


St MMARY 


A method for the tion of extra 
capillary blood 
the 
is described 

The total static extracapillary 
blood volume of the kidn f the 
found to be 204 4 per cent of the 
the kidney Twenty 


studied 


estima 
volume of vascular sys 


tem or volume of a tubular system of 


an orvan 
average 
dog was 
three 


weight of “an 


mals were 
Of the extracapillary blood volume of 
the canine kidney » per cent was found 


to be on the arterial side, 6 cent on 


the 
An evaluation of the 


Venous side 
technique and silly 
gestions for its application are presented 
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Continuous Phenothiazine Therapy of Dogs Artificially 
Infected with Ancylostoma Caninum 


R. R. BELL, D.V.M., M.S. 


Sfation, as 


tacylostoma caninum, the 


COMMO! hook The 
Is cosmopolitan in 
tribution although the 


diffe rent parts of the 


toxicity of phenothiaz 
worm of the dog when fed in small daily doses 
in The effect of 
world and in differ 


nited States 


ie 


als 
incidence varies phenothiazine on the 


development ol 1 caninum wn the host 

ent localities of the | animal 
The fect of daily do 
thiazine and larva 


tinuous 
certam mara 

It } et hown that 
nhibite 


eet upon the 


loses 


periment 
Mack ‘ | MeNall found that ienothiazine i dogs wv 
relativel large doses produced i n dog 
As a result of the preceding informa 
tion an investigation was undertaken to 
determine the 


following 


TABLE 1—The Effect of Phenothiazine on Normal Dogs 


that ppr nat ) per cent f the y 
Connecticut er infected I ! mit 

rve f nd 7 per cent of the dog n ©) or 
nfeeted, The parasite e cking net b 
; " 1 br ‘ | Phe j 
nd ‘ | ny py x4 
«, of blo } 4 hour es 
Mar met} | of cont f a 
oent Hoerleir rted testa { 
log nt rit nt 
‘ nme f for ter zing rtif 
( nd natur infeeted 0 \ ous cher 
enust tl } ifter 
p ere f nd to ha ome degree of effi ‘ : . 
nia tre ng ¢ i on the ground but 
intages that limited their practiea ‘ { 
found that phenothinzine n a ‘ re 
tive d tior lministration f 
luced the number of trongyl par ty 
‘ flotat 1 f ‘ minnat 
hie rey tl t phenotl re ‘ 

hitory effect on Py 

The ova fre logs were cultured wee if 
ova of A in m il . oh 

} the Col lered ne ervt 

fox eulture hen fed to dog Folse and B 

rocyte eount hemoglobin eont na emat 

found that phenothiazine fed I n repeat 

erit determinatior " le the yl + +) 

eaused marked reduction of ear 
At the end of enel expe ment 
ré ty ed nels the ntestir 
for { canis 
i) 
logs fron to det 
the toxiecit f phenothiazine log 
I pt ndensatior at tro ig not of the lrug The dog | 
tted t« the r iltura ind M har ] mg nd 198 mg of phenott zit per 
art fulf nent of ree Masts 
I ‘ | mer t gram of bod eight per da refu 
Science ir terinary Parasitol 
The ail at to ent the licnted feed t them time 
na tat Ra } drug lministered ‘ | 
at nad 
t lay period 
shiazin 
Hemat 
nt per atorrit per nt 

; 


PERCENT 


RED BLOOD CELL CouNT 
HEMOGLOBIN 
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The Transmission of Visceral Lymphomatosis with Live 
Virus Newcastle Disease Vaccines 
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R. F. GENTRY, D.V.M., Ph.D. 
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TRANSMISSION OF VISCERAL LYMPHOMATOSIS 


TABLE i—The Prevalence of Lymphomatosis in Chickens Vaccinated with Newcastle Disease 
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lymphomatosis ap 
parent relationship between routes of ad 
ministration and the prevalence of neural 
lymphomatosis 

lack of significant differ 
the the 


experiments in which neural lymphomato 


Because of a 


between any of lots in two 


it would appear that this dis 
related to 
the vaccines employed but rather to 


is occurred 


ease Was not vaccination or to 
some 
factor or all 
lots but variable between experiments. The 
finding that the occurrence of neural lym 


influenced by 


unknown factors common to 


phomatosis was not admin 
istration of live virus, egg-propagated vac 
cines, whereas visceral lymphomatosis was 


influenced, was to be expected on the 
basis of findings reported by Cottral ef al 


| he “ 


to produce 


Burmester ef al.’ nivestigators 
able 


with imnoculums 
15 day old 


and 


repeatedly were visceral 


lymphomatosis prepared 


from ‘‘normal’’ chicken em 


bryos but neural lymphomatosis either oc 


curred not at all or at a low rate 


These results provide evidence 


very 
that 


visceral lymphomatosis have a 


neural 
and sepa 


rate ¢ tiology 


SUMMARY 


1,103 


were 


involving 
chickens 21 lots 
conducted in studies to ascertain the possi 
bility of 
TOSIS by 


1) Four 


distributed 


experiments, 


among 


transmitting visceral lymphoma 
Newcastle 


live virus disease 


Vaccines 


COTTRAI BELDING—GI 


2) In two experiments, chickens that 
had received vaccines prepared from em 
hens that shed the 
had 
visceral lym 
lated 


prepared 


bryonating eggs laid by 
visceral lymphomatosis virus a signifi 
cantly greater pre 

phomatosis than nonvac controls o1 
from 


an isolated population 


chickens receiving vacei 
eggs laid by hens ol 
that had been shown not to shed the virus 


3) In 


commercial 


two other experiments in) which 


the 


mphomatosis in one of 


vaccines were tested prey 


alence of visceral ly 
the vaccinated lots 
than that 

1) The data indicate 


visceral 


was significantly higher 


in the nonvacecinated controls 
that 


lymphomatosis 


ovarian trans 
MISSION of 
result sufficient 


virus Neweastle disease 


Virus 
may contamination of 
live vaccines to re 
sult in a significant transmission of vis 
ceral lymphomatosis in highly susceptible 
stock Neural 
transmitted by live 
the 


sion of \ 


lymphomatosis was not 
Virus Ni weastle disease 
in which the 


ly mphomatosis 


vaccines under conditions 


transmi eral 


occurred 
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Preparation of a New Pleuropneumonia-like Organism 
Antigen for the Diagnosis of Chronic Respiratory 
Disease by the Agglutination Test 


H. E. ADLER, D.V.M., Ph.D., and R. YAMAMOTO, M.A. 


Davis, California 


THe agglutination test was shown by Ad the plat 
ler’ and by Jacobs ef al.” to be of value in cop 


ence or tio e colon 


the detection of agglutinins in the blood 


were staine if od pene and « 
of chickens and of turkeys infected with sexy: a 
imined at 500 ane diamete e probable 
pleuropneumonia-like organisms (PPLO 
number of organi 


These authors have previously reported published by Me 
satisfactory agglutination test antigen and Fulmer 


Other research workers, however, have After repeatin 


o the 


been unable to duplicate these published findings, growth curve ) “ dy vere com 


results, apparently due to the difficulty in puted (fig. J ippare hat the growtl 


attaining a satisfactory PPLO growth for in embrvos did not ma Bnit. 1g 
antigen production. It is the purpose of is Is evident in ¢u 
possibly due to ad 
embryos as a result of 


this paper to present the development of 
cultural methods for production of a sat aaa 
isfactory PPLO antigen to detect chronic Growth of Avian PPLO 
respiratory disease of chickens (CRD) and — with Yeast Products. Kd 
infectious sinusitis of turkeys in aqueous extract of | 
tained a factor whiel 
PERIMENTAL DA‘ PPLO in horse serum 


ork by the authors o 
Growth Cyele of PPLO of fvian Origin It 


ist products, when addec ‘ i stimulated 


appeared desirable to determine the phases of the growth of the vin P o verify this 


growth of avian PPLO in artificial mediums and — observation, four yeast oduct ere prepared 


in chicken embryos based on aetual eolony counts | A yeast autoly we se d using on 


rather than by lethal dose “as previously re part of baker’s f distilled 


ported While the results would indieate trends vater This mixture —_ ; » thir 


rather than statistically finite points, it was felt F of a volatile 


that the data would furnish information applicable C. for three da 


to later research rpm, for 30 minute 


In studies of the growth eycle, a PPLO desig tered through a Buehnet 


nated as strain C which was isolated from a CRD diatomaceous silica filte 


case and had been propagated through 33 chicken idjusted to pH 7.8 


embryo passages was used, Mediums used through yeast autolysate 


out the study were PPLO agar and broth Difco 10 minute 


enriched with 20 per cent horse serum passed through 


Yolk material from embryo passage 33 of strain ant 


te was prepared 
(' was inoculated into the yolk saes of . day ind one part of 


old chieken embryos according to the method iutoclaved at |] 


Cunningham.” Additionally, 1 |. of the same in volume of the 


oculum was inoculated into 50 ml. of horse serum proportion of one 


enriched broth At intervals, portions were taken vater. The same 


from the yolk saes of living embryos and from the sd 


eseribed for the 
broth culture and serially diluted in heart infusion 


broth (Difeo One-tenth milliliter each dilu 


fication process 
ite Difco) was 
tion was seeded into enech of five tubs containing olution in PPLO 


Oo. ml. of a 20 per cent horse serum-enri ed broth remove the parti 
After three days of incubation at 37 C., the tubes idjusted to pH 7 
of broth were plated with a 5mm, loop on 20 per tutoelaved at 121 ¢ 


cent serum-enriched agar plates. Three « later 
: if 
From the Department of Poultry lo School « " orobutan 


Veterinary Medicine University Johns Man 


‘ ere examine ecting muecre 
) 
VUecdiun Knriches 
monustrated that 
ed br er ‘ t cor 
haneed the yrowth of 
hed brotl Unpublished 
t! per igvested t 
. 
preservative nd autolysed at 
and then centrifuged at 2,00 
tant 
The filtrate was 
or autoclaved and the resulting fluic 
\ yeast hydro 
listilled iter mixture wa 
‘ t it te for the puri 
commer eust autol 
constitut per cent 
broth Difec nd filtered tft 
th N nd thes 
mie te (ommert 


t(EPARATION OF A 


Difeo ithout « 


The inoculum for 
eights fifth 
from the 


fter te 


growth 

gution 

10,200 

fuge 

isured | transmittance by using the 


photon leetric 


WAS Mme 


Summerson colorimeter 


mine that the ediment repre 


merely debris, the pole wer recentri 


and 2 mi. of antigen was prepared from eac 


slide 
known positive PPLO serums in a simi 
as deseribed b Adler The effeets of thes« east 


concentrations on the 


agglutination test was then condueted 


products at varying growth 
of PPLO as measured by 


agglutination reaction are 


eolorimetry and by the 
table 1 These 


results 


shown 


tests were repeated with similar 
Supplementary data were acquired from 
of four other strains of PPLO isolated from 


using the medium enriched with 
tolvsate, the 

the most sati 
with the Zander 
PPLO had 


of chickens 


sources 
veust product which had deme 
grea 
Three of the 


factory results in the 
strain 
isolated 
with CRD and the ther was 1 
turke. ith infeetiou 


strains were eultured at 


been from tracheal 
sinus exudate of a 


These 
repetition of the 


from the 
slnusitis four 
procedure prem nted in the pre 


with result imilar to that 
Zander strain 
undertaken to 


ind yeast autolysate cones 


paragraph 
tained with the 
Studies 


vious 


were next determine the 
ntrations 


Zander 


optimum serum 


required to give maximum 
PPLO 
sate ane horse 

PPLO agar re 
4, 5, an per cent yeust 


growth of the 


strain Doubling dilutions of 


serum were made 
ulting in 

and th 
enriched broth mediums 
lated Zander strain PPLO, in 
ten days at 38 ¢ harvested by 
of 45-ml iquots at 10,200 g for 


various! 
ibated fo 
centrifugation 


ites. The 


with the 
and 
min 
sediment pended 


resu 
phosphate fl saline 
of growth was measured 
deseribed Th 


in figure 


previou 


NEW 


PPLO An1 


Dead Embryos 


HOURS 
Fig. 1—Growth curve of pleuropneumonia-like 
organisms (PPLO) in broth and in the yolk sa 
of embryonating chicken eggs. One milliliter of 
PPLO-infected yolk was seeded into 50 mil. of 
broth. The chicken embryos were inoculated into 
the yolk sac with 0.1 ml. of the PPLO yolk 


kor the PPLO growth on cou 
ceonecntrations of us ind 


Zunder 


propagated in 20 per cent horse 


taining the varying 


serum, a three-da broth eulture of the 
PPLO wa 


serum broth for 7 
vested by 


strain 
hour growth wa hur 


14,000 g for 20 min 
ute i refrigerated centrifuge. The 
PPLO broth 
free the 
from the culture medium and was rr 
d t the sume speed A 
d-cell ediment wa ded onto enel 
igar of different 


ind ¥ enrichments, ine 


centrifugation at 
wa 
neither 


twice in containing 


erum nor yeust to orgutisms of any 
richments 
centrifuge small drop of 
this washe 
coneentration 
ibuted 


hours, d then examined 


TABLE i1—Effect of Four Yeast Supplements on 

the Yield of Pleuropneumonia-like Organisms when 

Propagated for Ten Days in 8 per cent Horse 
Serum-Enriched Broth 


Klett re 


‘ 
‘ 
. 
APRI 
PPLO broth in concentrations of nel 
per cent respective +} medium eT liust 
to pH 7.8 tor t 1 | minute a} 
Except he ourt preparation thes« en MS, 
produe ‘ lded to PPLO 
>= 
a 
stud r culture as 
ige of PPLO olated 
brain of a rke hich had | 
exhibited eneephalitic mpton The variou = | 
enriched broth mediur were inoculated th the 
culture equ te ‘ cent of the fir - 
volun ( t vere neubated at Ja fo ter 
“ 
d Afte five da at neubatior 
H Broth yiture 
both contamination nel nee of growtl 
| 
ntrifu 
‘ 
eentr 
pended 
irbidit 
Klett 
To deter 
sented PPLO and not 
_ 
ivinnh 
eust ii 
cunt 
pplement turbidit nation ** 
Difco yeast extract 44 
t Dif ext ‘ 
PLO brotl 0% Dif t t t Direct 
e of erun sat aut st 
Difec wat aut ; 
rhe ¢ ter the reading, the more turbid t “my 
= ll ant we f of 
trifuged and re pended to 1 n iffered shir 
orensel rect ra undiluted ant 
pH 6.8 The ber tinatior ndiluted ant n 
b the eolorimeter itinatior f tier f antiger ler 
ate scglutinat f Jilutior 
re te ir frated n 
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croscope The growth response was based on the 


size and the number of PPLO colonies. The trend 


of growth, in general, followed the results ob 


tained in broth, but it was not possible to assign 
absolute values to the different degrees of growth 
on agar mediums 

fvian PPLO Growth by Agita 
Jacobs et al,’ 
during incuba 
They 


stirrer and 


Enhancement of 
tion.—-Reeently it was shown by 
PPLO eulture 


tion inereased the yield of organisms 


that stirring of the 
used 
an electrically driven magnetic neu 
bated the culture at room temperature. Experience 
of the authors of this paper this 
showed that the yield of organisms was not con 


variations of 


with method 


stant, probably due to temperature 
of the heat 
Under conditions of room 
draft-free 
friction of the 
would reach approximately 38 C., varying with the 
broth, 


room and given off by the stirrer 
inside 
broth 


stirrer 


temperature 


cubicle the temperature of the 


due to eleetrie motor and 


size of the container, the amount of and 
other physical conditions. 


difficulty, an 


To overcome this ; air-driven mag 
netic stirrer was used for agitation of the medium 
The apparatus and the inoculated broth flask were 
placed in an ineubator in order to maintain a con 
38 C. This method of agita 
study 


recently 


stant temperature of 
method evaluated in this 
of the 


tion was the only 


A thorough review subjeet was 


pres nted by Finn 


In the evaluation of the effeets of agitation on 
PPLO growth, 10 ml. of a 


eighty-fifth 


culture of the 
PPLO 


Erlenmeyer 


4-hour 
Zander 
into each of two 1-liter 


passage of the strain 
Vere seoded 
flasks 
16 per cent of 


tively The 


containing PPLO broth enriched with & and 
erum and yeast autolysate, respec 
urface for ¢ of gas vis ap 
diameter One sample was 
other 
incubated at 38 C, for 
harvested by the 


xchange 
proximately © em, in 
with the air-driven stirrer, and the 
Both were 


igitated 
wis not stirred 


ten days and, then, aliquots were 


procedure deseribed previously The K 


Fig. 2—Comparison of turbidity of pleuropneu 

monia-like organisms propagated for ten days in 

broth supplemented with various concentrations 
of yeast autolysate and horse serum. 


ADLER AND R. YAMAMOTO 


im.J. Ver. Res 
APRIL 1956 


for the 


for the 


stirred sample is 15 s compared to 92 


unstirred sample, w indicated that 


stirring enhaneed the grow vield of 
PPLO 

In order to determine whether the 
PPLO due to 


merely 


differs nee in 
could be at 

increasing the surface 
PPLO broth enriched with 8 and 
autolysate, 
were placed in of two 12.-liter 
a depth of 11 em., with an 
exposed surface diameter of approximately 30 em 
Each lot vith of the 
Zander strain PPLO and both were ineubated for 
the other 


growth of agitation 


tained by exposed 
area, 5 liters of 
16 per 
respectively, 


cent horse serum and yeast 
each 
each 


boiling flasks to 


was seeded equal amounts 


ten days stirred 
not. The 
K lett stirred 
104 for the The 
ference in readings obtained with the 


one being constantly 
turbidity of the 


units waa 112 for the 


harvest as measured in 
sample and 
slight dif 


two samples 


motionless culture 


was not considered significant 


Concentration of the intigen.—The concentra 
PPLO from a 
ture has posed an important problem 
Field 
Vine pleuropneumonia organisms from broth. 
this 


tion of large volume of broth cul 
Newing and 
separator to concentrate bo 
The 
Montgomery 
55HM-s 


10,500 


used a cream 


obtained a 
model 


ipproximately 


writers of 
Ward 
rpm. <A 


paper 
electric cream separator 
having a speed of 
PPLO eulture 


passed 


from & previous experi 


ment was through the separator at 


approximately 75 ml. per minute Phe 
inside the 
An 


culture was spun in an 


organisms 
shell 
equal amount 
head, 


ol 


whieh were bowl 


deposited 
washed off with buffered 
of the 


were 
angle 


high speed Serval centrifuge at 10,200 g for 


yield of organ 
From the 250 


minutes in order to compare the 
the two methods 
by each 


prepared and turbidity measured 


isms harvested by 


mi. of broth culture used method, 20 ml 
of antigen 
by the 


for the 


were 


colorimeter. endings were 255 


centrifuged imple ane 6 for the sep 


irator- harvested sump readings would 
little differs 4 


two methods of harvestir 


eem to indicate vers 
by the 


A PPLO antigen was pr 


intigen Production 
and 
PPLO 
propagated in 


amounts in 12-liter boiling flasks with econ 


pared utilizing 16 per cent yeast autolysate 


8 per cent horse serum supplemented in 


broth Difeo The eultures were 


5-liter 


tant stirring. Samples taken intervals indi 


high yield of antigen was 


eated that a uniformly 


obtained after ten days vation 


Approxi 
matel 500 mil. of irdized to two 


density o ib n of the Mel 


nephelometer were yb ined 10 eul 


times the irland 


ture when harvestes 
intigens 
pH 6.8). Cr | 

added to f cones 


Phenol mneentratio 


were 
saline 
late were ntration 
10,000 each 
0.25 per cent when substitut: oO he mertl 
atisfactors 


enough ma 


= 

sss 
7 \6% yeast 

‘ | 
os 
| fered 
ff erthi 


PREPARATION New PPLO 


intigens 
ind 


preservatives 


vere preserved Ww ] A 
green, 
did 


of | 


olet brilliant PPLO 
growth of 
enhanced 


not 
wl 


State 


der eonditions ina 
Diagnostic L 


Naf 


iboratori 


‘specially 
high cones especial) 


ntratior 


in flasks w 


t} 


rie | 


dium in 


in the stuclic 
Zander PPLO 
id Apparently the glutin 
itv of PPLO of avian orig 


gin 
the red, 


bring 


hile other 


area ol 
were larg 
thi increase 


A 


satisfactory 


ith 
iries, depen cream 
strain eneounte some requiring | 


concentration 


ibout itinatior 


amounts of 
serisitive 


A simple, 
ef a PPLO 
been yiven 

References 

readily and 

wo 
te known posit 
hy pu 


atisfactory 


gave qual yields a bie Adle 
Diag 

of these 

ive me 


birds, 


im from i 


rimmunized while the other t 


Whether 
posit 


concentrat 


for antigen 
did 


ut 


produe tion 


© strai vhich not agglutinate 


if 


rmined 


SUMMARY 


The growth eurve of PPLO of avian 
origin in broth and in chicken embryos has 
been described, with evidence that the peak 
of growth is reached in 36 hours 

The effect the growth of PPLO 
horse serum-enriched mediums 
additionally with 


preparations 


On 


ol 
supple 

different 

determined 


mented four 
yeast 


has been 


The results indicated that veast autolysat: 


was the most 
added to serum 
of supplements 
to PPLO broth significantly 


satisfactory yeast produet 
broth This 
when added 
increased the 
vield of antigen as compared to that ob 
tained the broth supplemented 
with serum only 


when horse 


combination 


in basal 


satisfactory 
broth 
the organisms 
by 


when 


broth 


ANTIGEN 


method 
cultures 


ot 


Was 


agitation of 
outlined The 
shown to be 


incubation 


stirring during 


cultures were propagated 
hich provided a small surface 
When surface 


stirring 
eld 


areas of broth 


resulted in no marked 


separator has been 


for the 
broth cultures 

efficient method of 
high 


found 


eoncentration of 


produc tion 


antigen vields ha 
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Interference Between Newcastle Disease and 
Infectious Bronchitis Viruses 


L. E. HANSON, D.V.M., M.S.; F. H. WHITE, Ph.D.; J. O. ALBERTS, V.M.D., Ph.D. 


Urhana, [lino 


SIMULTANEOUS exposure of an animal host cken 


ilted in reduced N ropagatior 


with two viruses may result in a mixed in 


fection, viral interference, or viral exalta The factors studied in this experiment 


tion. Dual viral infections may occur when were virus concentration, effect of freezing 
4 single cell or different cells are invaded, and thawing, effects of diluents, and time 

The invasion of a single cell iruse rT of CXPOsure, as related to the interference 
Leen demonstrated b between NDV and IB\ 


within 
is been demonstrated between nu vil The 


wt mechanism of viral interferene j inknown 


owever, current opinion Oe it 


White Plymou 


mechanism at a cellular level Exaltation 
group 
virus bys mother ilso lias heen observe 
to allow din 
ionally indlay and Howard” notieed 

nit hich might | 

creased virulence of Columbia SK > virus for mice 
the olk, Composite 
noculated along witl use-adapted polio 
en wong Wh mouse pot bleeding 5 chicks 
myelitis virus, Lepine and Mareenne found mics 
of age and pooling equal quar s of serun rhe 
infected with herpes virus were more isceptible 


erum amples were tester ol ( presence of 


to Aujesky’s virus 
and IB antibodic 


Simultaneous exposure of chickens to Newenu ( 


At veeks of ige groups ehieks each 
virus (NDYV and infeetious bronchitis 


er F doin separate house vhiel vere at 
virus (IBV may cause either a dual infection or 


in interference of the NDV by the IBV Hiteh 
ner, White, and Lozano” reported a reduction in 
HI titers when IBV and NDV were administered 
in a combined vaeeine. Luginbull reported that 


tended y separate caretakers After the virus 
inoculations were made mpton d mortalities 
vere recorded daily for two to three eeks, At the 
conclusion of the observation, blood was taken 
from 5 chicks from each lot nd the serums were 


IBV and NDV will grow simultaneously in tested for the presence 


embryos if both viruses are inoculated in high The serum samples we pooled 
concentration but found decreasing growth of 
NDV if the inoeulating fluid contained diluted 
NDV in the presence of undiluted IBV. Groupé 


demonstrated interference between inactive ind 


each lot in experiment 4 d 4 and examined 
separately in experiment 3. ° alpha hemagglu 
tination-inhibition HI vas used to measure 


ND antibody titer, im-neutralization 
sles o studic 
itive IBV particles in chicken embryo studi tant wae need to level 


Henle stated that variation in viral concentra {lpha HT titers of 4 vere considered 
tions had a very important effeet upon the result positive for Nev 
obtained from simultaneous exposure to two vi wt or on 
ruses, In our previous mixed infeetion studies, we positive for infectious bronchiti 
had observed that freezing and thawing of NDV 


reduced the interference by IBY unpublished 
According to Hardy and Horsfall normal al 


The viruses used were liforni train 11914 
NDV and Illinois st: 17 IBV rhe vi 


propagated O-dav-« chicken en 
lantoie fluid contains a component which interfere for 36 to 
vith the ability of influenza virus to igglutinate sve barvestion 
red blood eells, Some viruses have the bility to tad 


from both live ind 0 i 


killed approximate per ‘ ) ulated 


The allantoamnioti 
produce an interfering effeet for periods of a few 
days to several weeks when given separately 
Tsujimoto found that a 72-hour preinoculation 10 

IBV had an proximate 10 
It iene we ' All chick inoculatio vere rele ntranass 


Illine approximate 
hi tudy was financed par ’ in or hie . held for 12 to 

North Central Regional Exper 

Research Project NC-6 and b except in experime! Vien e NDV kept 

Laboratories Division Ame " ‘ frozen at ry ¢ fo ye onth The NDV and 

River, N. 3 IBV for the dual exposures we combined it 

The authors 


equal portions appro 


The chicks insect the f ng experiment 
ter fer i tig | 4 ‘ t | of 
ance of L. G. Clark and W. R. Manu wfore the 
4 


INTERFERENCI 


inoculation vehicles 


NDV were 


on normal dav-old 


iutrient bro 
chieke 
ent diluting 


et 


RESULTS 


Eaeperiment In this experiment, the 
NDV was used as undiluted a.a. fluid and 
as a.a. fluid diluted 10° and 107 in nutri 
ent broth. The IBV was used as undiluted 
a.a. fluid. The divided into 
seven groups of 25 birds each at 4 weeks of 


chicks were 


age. The groups received the following vi 
exposures: group 1, NDV_ undiluted; 
group 2, NDV undiluted and IBV undi 
luted; group 3, NDV diluted 10°; group 4, 
NDV_ diluted 10° and IBV undiluted; 
group 9, NDV diluted 10°*; group 6, ND\ 
diluted 107 and IBV undiluted; and group 
7, IBV undiluted. Respiratory symptoms 
were observed in all groups except 5, which 
received NDV diluted 107. Nervous symp 
deaths groups 


and 3 


rus 


toms and were observed in 
the losses in each group during the 16-day 
period are shown (table 1] 


The symptoms observed and 


with a loss of 28 per cent, re 
the same concentration of NDV as 
group 1, which had a loss of 56 per cent, 
thus indicating interference of NDV_ by 
the IBV. In group 4, interference of NDV 
also occurred as evidenced by no deaths, 
while group 3, which received the same 
concentration of NDV, had a loss of 16 per 
which NDV di 


showed no evidence of respira 


Group 2, 
ceived 


eent Group 5. received 
luted 10 
tory or nervous symptoms and was found 


challenged 


suscept ible when subsequent ly 


NDV 


?—This experiment was 


undiluted 
Er pe riment 


with 


BETWEEN 


VIRUSES 


similar to experiment 1 two dilut 
fluids, saline, and normal a.a. fluid, 
used and the 10° dilution of NDV 
Normal a.a. fluid from 14 
day old embryos was used to determine if 
the a.a. fluid 
which might help 
NDV by IB\ 


diluent 


except 
were 
was omitted 


some factor was present in 
containing the 
produce the 


Saline 


VITlses 
interference of 
was used as a comparison 
broth in 


interference by 


instead of nutrient order to 


eliminate possible protein 
molecules 

The 
lowing 
luted : yroup 


ree eived the fol 


different 
exposures: group 1, 
2, ND\ undiluted and 
IBV undiluted; group 3, NDV diluted 10 
in saline; group 4, NDV_ diluted 10° in 
saline and IBV undiluted; group 5, ND\ 
diluted 10° in normal a.a. fluid; group 6 
NDV diluted 10° in normal a.a. fluid and 
IBV IBV undi 
luted The total the 21 
day period after listed 
table 2 


unas 


undiluted; and group 7 


during 


losses 


inoculation are 


Respiratory symptoms were observed in 
Nervous symptoms 
groups except 7, which re 
Intererence of NDV by 


. 
yroup 


all groups were ob 
served in all 
ceived IBV alone 
IBV was evident in 


loss of only 


which had a 
24 per cent, compared with 
group 1, which had a 56 per cent loss with 
a comparable NDV exposure 
was also evident in group 6, which had a 


Interference 


loss of & per cent, compared with group 5, 
with a loss of 40 per cent. The high losses 
that the 
interfering 


in group 5 indicated normal a.a 
fluid 


| asses were 


contained no factor 


low in group 3, suggest 


very 
ing that the saline used as a diluent had a 


deleterious effect on the NDA 


TABLE 1—Results of Chick Inoculation Studies in Experiment 1 


< 
APRIL 105¢ 
ere t fe for 
iting the th, ard 
flui el 
brvos Differ } 
Le 
Tota 
‘ f { Hi 
out Inocu } Sympte lint rit 
DV undiluted K and ¢ i ‘ 
ind ted tanat 
BY ind ted 
DVd ited tand ¢ 
DV diluted 
IBY nd ted 
DV diluted ! it 
DV diluted K 
IBV undiluted 
IBY ndiluted K 
DY Newcastle disease ru nfectie bror t Kk espirator mptor ON 
ntral ner tem disturbances: HI ema itination inhibition 
th central nervou listurbar lent at ef stion period tot 
talit nd S disturbance 
= 


H ANSON 


WHIT! 


ALBERTS 


TABLE 2—Results of Chick Inoculation Studies in Experiment 2 


NDYV 
NDY 
IBV undiluted 
NDV 10 
NDV 10° 
IBV undiluted 

10-* in a.a. fluid 
NDV 10-* in a.a. fluid 
IBV undiluted 

IBV undiluted 


indiluted 


indiluted 


#aline 


im #aline 


Dy 
nervous system dis 
Chicks with 
ty and ¢ dist 


astic dineane 
entra 
central ne 


irbance 


The groups were similar 


experiment 2, nutrient 


Ra permment 
to those in except 
broth was substituted for the saline diluent 
the NDV the 
virus used in experiment 1 exeept it 
been held at 20 C 
preliminary work had indicated that IBV 
failed to produce 
when tmoculated 
NDV 

The various groups in this experiment 
the following virus 
group 1, NDV undiluted; group 2, 
undiluted and IBV undiluted; 
NDV_ diluted 10° with nutrient 
group 4, NDV diluted 10° with nutrient 
broth and IBV undiluted; group 5, NDV 
diluted 10°° in normal a.a. fluid; group 6, 
NDV diluted 10° in normal a.a. fluid and 
IBV undiluted; and group 7, IBV 
undiluted 

Respiratory symptoms were observed in 


same lot of 
had 


Some 


and was from 


for one month 


marked interference 


with frozen and thawed 


received exposures 
NDV 
group 3, 


broth 


Nervous were evi 


rm 
rhe 


all groups 
dent in all 


SVinptoms 


except groups 4 and 7 


daily losses are recorded (table 3 Group 
2, which NDV IBV undi 
luted, had a 48 per cent loss compared with 
a 60 per cent loss in group 1 and failed to 


received and 


show the degree of interference evident in 
experiments 1 and 2. Dilution of the fro 


nutrient broth 
group 4 


zen and thawed NDV with 
produced a 20 per cent 
which indicated interference 

pared with no losses in group 3 
6, a 32 per resulted when the 
NDV was diluted with fluid ; 
this compared with a 24 per eent loss in 
group 5, which the diluted NDV 
alone and indicated no interference. How 
ever, there was a delay of a week in the 


loss Ith 
when 
In group 


com 
cent loss 


normal a.a 


recely ed 


onset of losses in group 6 

At the conelusion of the three 
servation the chicks in group 4, 
received NDV_ diluted 10 in 
broth plus IBV had 
losses, were inoculated with undiluted fro 
zen and thawed NDV which had 
IBV inoculated 


week ob 
which had 
nutrient 
and sustained no 
Group 7, 


received alone, was also 


TABLE 3—Results of Chick Inoculation Studies in Experiment 3 


Inoculun 


NDV undiluted 
NDV undiluted 
IBV undiluted 
NDV 10° in 
NDV in (brotl 
IBV undiluted 

NDV 10° in aa. fluid 
NDV 10 
IBV undiluted 

IBV undiluted 2 k 


(brotl 


in a.a. fluid 


disease virus; IBY infe« 


NDV 


central nervous system disturbances a 


Newcastle 


neutralization 
* Chicks with 
mortality and CNS disturbance 


tious 


central nervous distu F ‘ evident 


bronchitis virus; R—respirator 


allantoamnioti Hil hemagglutination ir 


ut end of observation per 
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INTERFERENCI 


with NDV to act as a control group. Group 
$4 had a loss of 70 per cent compared with 
a loss of 33 per cent for group 7 during a 
period of 18 days, indicating no immunity 
to ND resulted from the previous exposure 
to the two viruses 

Exeperiment 4.—This experiment was 
conducted to determine if IBV was capable 
of given prior 
to exposure Twenty five 4-week 


interfering when to chicks 
to NDYV 
old chicks were exposed to IBV, and one 
week later they were inoculated with NDV, 
along with a group of control chicks of the 
The onset of losses and the daily 
the 
control 


same 
mortality pattern were approximately 
for both The ND 


group had “a of 76 per eent compared 


age 


samne Yroups 
with 6s per eent for the group exposed to 
IBV and NDV. This would that 
little or interference resulted when an 
interval of one week occurred 


IBV and NDV exposures 


sugvest 
no 
hetween the 


DISCUSSION 

by 
impor 
the 
eXpo 


Henle, review interference 
tween animal 
tant which 
reaction occurring 
These 
ol 


one 


in a on 
viruses, listed several 
exert influence 


factors on 
simultaneous 
factors of 
rate viral multiplication, and ex 
of virus the other The 
viruses In these studies were administered 


SuUres were route expo 
sure, 
over 


COSS 


simultaneously in experiments 1, and 3 
the all 
eliminating variation by method of expo 
An excess of IBV over NDV resulted 
in marked of NDV. When 
IBV was in concentration than 
NDV, as in the groups which received th 
undiluted the IBV 
also capable of exerting an interfering in 
fluence. The shorter incubation time of 
IBV compared to that of NDV is probably 
the most important factor responsible for 
the interference between these 

The results of experiment 3. indicated 
that freezing and thawing of the NDV r 
duced the of IBV 
HHowever, when the thawed 
NDV was diluted (10 in broth 
IBV produced complete interference. Di 
frozen and thawed NDV with 
normal a.a. fluid, on the other hand 
only a temporary interference by IBV and 


and by intranasal route in CASES, 
sure 
interference 
lower 
Viruses, 


combined Was 


interference capacity 
and 


nutrient 


frozen 


lution of the 
caused 


finally a greater loss oceurring than in the 
corresponding NDV control group 


Normal a.a. fluid was used as a diluent 
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rWEEN 
be 
reaction between 


Hardy 
fluid 


to determine whether factor might 
present to 


NDV_ and 
Horsfall 


some 
the 

Although 
that 


influence 
IB\ 
stated 


and 


allantoiw 


capable of interfering with the hemagglu 


tination ability of influenza virus, they ob 
that normal fluid did not re 
duce the virulence of the virus for chicken 
embryos. In experiments and 3, the 
NDV diluted with normal a.a. fluid caused 
greater losses in chicks than NDV of equal 


served 


concentrations diluted with saline and nu 
broth. Dilution of NDV_ with 

fluid may have supplied some fac 
more compatible with the 
multiplication of NDYV In this 
Beguignon, Guichard, and Vialot 
that the addition of normal ¢ 
or hyaluronidase the Pasteur 
of fixed virus the 
virus regaining the characteristics of street 


trient nor 
mal a.a 
tor which was 
regard 
found 
anine saliva 
Louis 
resulted in 


strain rabies 


which 
fluid 


marked in 


The group in experiment 
received NDV diluted with a.a 
IBV, showed evidence of 
the corresponding 


Virus 
and 
also 
terference: however 
which frozen 


failed 


vroup in in 
and thawed 
of 


experiment 3, 


experiment 
NDV was 


interference 


used to show 
ey 


previously 


had 
broth 


with 


which 
Ith 


yroup } 
(10 


sustained losses 


received 
IBV, 
ever, when this group was inoculated 
undiluted NDV_ three later the loss 
was 70 per cent. Group 7 IBV control 
loss whi 
NDA An 
suggested 
mace 
vorkers ob 
of foot-and 


administered 


and also no 
weeks 
the 
eent 


had only a oo 
culture of 


group per 
same 
explanation for this 
in studies of foot and 
by Verge and Placide 
that 


disease 


exposed to the 
reaction 1 
mouth disease 


Thess 


served a sensitizing dose 


mouth virus two 
weeks before ¢ xposure to an infective dose 
the of the cattle 


foot-and-mouth-disease viru 


increased receptivity 


SUMMARY 


to nw 


Susceptible chicks were 
which the 


exposed 
eoncentration 
Vi 


bronchitis 


tures of viruses in 
of Neweastle 
varied the 
eoncentration 
Results indicated that 
when in excess and to a lesser 
NDV w 
When NDV had been previous! 


disease VIrus 


and infectious iru 


remained constant 


toa 


Wis capable ot 


marked 


ae 


interfering with 


it) @XCeSS 
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1L3V was able to interfere only to a limited 
extent 
Administration of IBV a week preceding 
the NDV inoculation resulted in no appar 
ent interference 
Newcastle disease virus was more viru 
lent in allantoamniotic fluid than in nu 
trient broth. Saline as a diluent appeared 
to have a deleterious effect on NDV 
Hardy, P. H 
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Attempts to Influence Listeriosis in Chickens 
Using Antimetabolites 


D. SEGRE, D.V.M., M.S.; C. OLSON, D.V.M., Ph.D.; C. L. MARSH, Ph.D.; 
C. BLORE, M.S. 


/ olin, hraska 


THE SUB I this report is an attempt 
to increase the susceptibility of baby chicks 
to Listeria infection, by interfering with 
the metabolism of the host 
Listeriosis of chickens is sporadic and 
usually affects only a few individuals of a 
flock. However, heavy losses have been re 
ported in some instances. In several in 
stances other pathogenic agents were also 
present in the flock 
Meruop 

“01 reported Salmonella pullorum ne i 

tapeworm infection in one flock, with listeri steria monocytoge ne ) ed in 
osis and neurolymphomatosis in another Hurt, these trials was ij ited in this laboratory fron 
Levine, and Graham isolated Liste a monocyto the medulla oblong i heep which died with 
genes from 1 bird from a floek where heavy losses listeriosis in 1951 pension of L. monocyt 
had oceurred, Coryza had been present in the flock genes in sterile kim milk w prepared from 48 
for several months, and asearids, tapeworms, and hour tryptose agar culture Pubes containing l 
coecidia were also found. Bolin and Turn’ re mi, quantities of the suspension were stored 
ported isolation of Listeria from a hen from which mechanical refrigerator at HO ¢ The number of 
Neweastle disease virus was also isolated Lucas viable organisms in the suspension was determined 
and co-workers’ isolated Listeria from 15 flocks by making plate counts after different interval 
of chickens and in most cases S pullorum, New of storage The re iit of these counts were rather 
castle disease, helminths, or coecidia were 40 uniform Kach tube contained about 
present These authors believed that listeriosis in able microorganism ! veodl on the 
these flocks was usually seeondary to some other counts 


infeetion One-week and 


week-old chicken ere used 
Berry and Mitehell”® found that the administra were fed a commercial chick starter containing 

tion of different inhibitors and intermediates of intibioties. Exposure was accomplished by intra 

the triearboxylie acid evele reduced the survival venous injections of 0.1 mil. of physiologicul saline 

time of mice which had been exposed to Sal containing the appropriate number of LL. mono 

monella typh murtum The Salmonella infeetion cytlogencs organisms Sodium salts of iecinate 

which resulted was also more severe as judged citrate, malonate, arsenite irsenate ind) fluores 

by the number of bacteria found in the blood, wetate md 2,4-dinitrophenol were give to 

Gilfillan et al. reported similar results in chicks chickens receiving the different number 

injected simultaneously with Salmonella pullorum isms (table I Control chickens reeciving 

ind certain triearboxvlie acid evele inhibitors and cytogenes onl or chemi or 

intermediates They found that citrate s in each experiment 

chicks infeeted with S. pullorum ere inereased The 

slightly during the height of the infection. This compounds idan 

indicated blocking of the enzymes which f me a ige i ised 

tion in the oxidation of eitrie acid, \ ee Sodium eitra 

quent liation of e1itrate Liver j j dl rapidl bu 

dase, fumarase, and aconitase 


considerabl decreased in the 


ition proc 


= 
| 
| 
experiment il giver ccording The dose of fluoroacetat 
one third the for chickes ented 
Fre t lepart nt nanufaeturer of ti chemic No dat n 
ne t bra ra f ind . 
nt f the D m « (rrant 
ft stional Institut Healt | 
lon lth pa 
1 the ert found that (ro 
Pul th the ippre ‘ t lirector a paper 
er \ iltura } pheno it ove 7 ng most 
nt Statior complete hibited fi phe phor t 


our experiments, 2,4-dinitrophenol i 


at a econeentration of 0.1 mg./m Although 


dium arsenate will interfere with certain steps 


glycolysis,” no data on toxicity or dosage of ar 
literature None of 


effect on the 


ute were found in the 


chemicals had an visible toxie 


perimental chickens 


Since in the initial experiment small amounts of 


chemicals had no effeet on the course of listeriosi 


used in subsequent 
than 


given, they 


umount 


When 


chemical were 


irger were experi 


ment more two treatments with 


were administered intra 


instances idministration of 
started 4% after 


first establish the Listeri 


muscular In some 


the chemicals was hours expo 


sure in an attempt to 
infection 
Attempts Listeria 


experimental chick 


made to isolate from 
spleen of the 
lived 


rent 


were 
liver, heart, and 
ens. Chickens 


killed at 


which longer than seven day 


were diff intervals after exposure 


The number of L 
sary to produce a fatal infection in 1] 
2-week-old chickens 
form The La for l-week-old 
calculated by the method of 
Muench,'* 93x 10" microorganisms 
for 2-week-old birds it was 4.7 x 10 
microorganisms. Sublethal doses failed to 
chickens which re 
inhibitors of the 
The survival time 


monocytogenes neces 
and 
was remarkably uni 
chickens, 
Reed and 
Was 
and 
produce listeriosis in 
intermediates and 
tricarboxylic acid cycle 
after lethal 
Was administration of the 


ceived 


exposure to doses of Listeria 
unaffected by 
chemicals 

Most of the chicks with fatal 


died less than 48 hours after exposure and 


infections 


died of 
days after exposure 
ered from the spleen of all 
of all but 1, and from the 
2 of the chickens which 


Listeria monocytogenes 


none listeriosis more than seven 


Listeria were recoy 

from the liver 
heart of all but 
succumbed to lis 
TeTLOSIS Was recoy 
and spleen of many 


14 days after 


ered from liver, heart 


killed as long as 


chickens 


exposure and from the spleen of 1 chicken 
killed 21 


Recovery 


table 
most 


days after 
of microorganisms was 
from the spleen 
Listeria to which 
exposed and the time at 


killed 


exposure 
regardless ol 
the birds 
which they 


quent 
dose of were 


were 


The 


was to 


main purpose of Investigation 
attempt to the 
bility of young chickens to Listeria infec 
tion by interfering with their metabolism 
There reduction of survival time 
of the chickens treated with the interme 
the inhibitors of the Krebs eycle 
Neither did chickens 
listeriosis following 
doses of L 


Increase suscepti 


was ho 


diates or 
used in this study 

thus treated develop 
exposure to sublethal 
cytogenes. Treatment the chemicals 
this failed to influ 


course of infection in J ys 


mone 
with 
used in Investigation 
the 


eek old 


ence and 
chickens 

Different investigators have attempted to 
produce experimental listeriosis of chickens 
with various success. Seastone Graham 
and co-workers, 


Pallaske, 


PeperKamp and Jansen 


and Lucas and co-workers * were 


TABLE 1—The Dosage and Methods of Administration in Treatment of Experimental Chickens 


with Chemicals Which Are Intermediates or 


Chemi 


succinat 
succinat 
succinate 
suceinats 
citrate 
malonate 
malonats 
irsenate 
arsenate 
arsenate 
arsenate 
arsenate 
Na fluoroacetat« 
Na fluoroacetat« 
2,4-dinitrophenol 
2,4-dinitrophenol 
2,4-dinitrophenol 


dinitrophene 


intravenous; IM intram 


Inhibitors of the Krebs Cycle 


Administrat 


th 
the 
fre 
o. of Ne of 
bird fethod njection t teria 
2in 24) taneous 
IM 6 in iltaneous 
IM 6 ir } r ater 
1\ 2in 24) tanes 
12 ! IM 6in 72) multaneou 
IM 6in 7 ik hr ater 
\ 1 ta 
1 multa 
M 6 ir he ate 
IM 6in 7 ilta ous 
iv 6m 7 hr ater 
14 IM 6in 7 taneou 
12 14 M 6 in 7 ater 
12 IM 6 in multaneous 
12 IM Oi he ater 
f IM 6in 7 taneou 
IM oi ix ter 


ATTEMPTS TO INFLUENCI 


LISTERIOSIS IN CHICKENS 


TABLE 2—Isolation of Listeria from Liver, Heart, and Spleen of Young Chickens Examined 
at Various Intervals After Receiving Different Numbers of Listeria Monocytogenes 


Splee 
Liver 

Heart 
Spleen 
Liver 
Heart 
Spieen 
Liver 

Heart 
Sp een 
Live 

Heart 


Spleen 


able to produce listeriosis in chickens by 


inoculation of Listeria, while 
stated that Listeria were patho 
genic but did not give the method of expo 
Negative results reported by 
Schwarte and and Jones with 
Intravenous exposure and by Cole with 
Our experiments 
indicate that listeriosis can be produced in 
] and ?- week old chickens by 
inoculation of relatively large numbers of 
The Ld 
bacteria and all but 
with 


Intravenous 
Paterson 


sure were 


Biester 
intraperitoneal exposure 
Intravenous 


the organisms 
12x 10 


Was approximately 
1 of 40 chick 
ens inoculated 12x 10" bacteria died 
The used for 
sure appears to be a critical factor in the 
production of The 
route of important 
Schwarte 
disease in 9 of 11 chickens intracerebrally 
They 


were unable to cause listeriosis in 25 chick 


number of organisms eX PO 
listeriosis of chickens 
inoculation ts also 


and Biester’® produced a fatal 


exposed to various doses of Listeria 


ens by subcutaneous inoculation. In our 
laboratory, 10 one-week-old chickens were 
2x10' and 


1501-2 


intraperitoneally 
1Z2x10° L 


and all survived 


exposed to 1 
monocytogencs strain 
Although in our experiments there is no 
difference Ld for ] 
week-old chickens, age is another im 
in experimental 
of chickens. Paterson ** regularly produced 
death of chick embryos with 
Listeria. In a limited number of trials 
with strain 1501-2, the L.d.,,, for 7-day-old 
chicken embryos inoculated into the allan 


significant between 
and 2 
portant 


factor listeriosis 


inoculated 


The Ld 


for 14-day-old chicken embryos was 11.0 


tole sac Was microorganisms 


microorganisms. The extreme susceptibil 
ity of the chicken embryo to L. monocyto 


genes may be of value in isolating Listeria 
materials containing small 
On the other hand 


from tissues or 
numbers of organisms 
older birds seem to be quite resistant 
number of trials with 2-month-old chicken 
14 different 2 or 24 
birds died following injection of 0.5 to 1.0 


strains only 
mil 
Listeria 
Birds surviving the « 


of a 24-hour tryptose broth culture of 
10" 


Xposure 


Orvanisins 
harbored [ui 
ilarl 


approximately 


teria for a siderable time 


in the spleen 


eon parti 


and inhibitors of 
failed 


ence the course of experimental listeriosi 


Several intermediates 


the tricarboxylie acid eycle to influ 
n young chickens 
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Studies on Errington’s Disease in Muskrats 
|. Pathological Changes 


G. H. LORD, D.V.M., Ph.D.; A. C. TODD, Ph.D.; C. KABAT, M.S. 


Vadison, 


ERRINGTON 's disease is a highly infectious 
of (Ondatra 
zebethica). The first details of its nature 
in the United States 
presented by Errington, 1946 


disease muskrats ebethica 


and occurrence were 
His report 
was concerned with epizootics observed in 
streams during 
The 


observations 


central lowa marshes and 
the years 1943 through 1945 report 
included preliminary the 


gross and microscopic pathological changes 


on 


of the disease 
Errington’s disease is characterized by 
an acute hemorrhagic inflammation involy 
ing one or more portions of the intestinal 
tract, focal necrosis of the liver, and sud- 
den death of infected Clinical 
symptoms have never been recorded in ani 
with 
An epizootic occurred among the musk 
rat population at Horicon Marsh, a state 
controlled wildlife of Wisconsin, in 
1946 Findings on necropsies of 
specimens in the field led to the conclusion 
that the Wisconsin epizootic was similar to 
in lowa. Detailed studies 
were not attempted at that time but a proj 
ect was Inaugurated in 1951 to investigate 
the nature and possible cause of the dis 


animals 


mals affected the disease 


area 


based 


those obser ed 


ease. It is on the basis of these investiga 


tions that this report was made possible 


MertTHuop 


were obtained from animals found 


field. The 


immediately, or 


Specimens 


the carcasses were shipped to 


dead in 
the 
freezer 


laboratory were stored in a 
for delivery 
all the 


were 


until opportunity Gross patho 
recorded of 


study 


logical changes were 
but 


CUFCASSES, 
taken 


specimens Tissuc 


tissues for microscopic only 
freshly dead, 


fixed in Baker’s formaldehyde 


from nonfrozen 


were Two staining 


employed, hematoxylin-eosin and 


The 
this 


Te hnique 
Mallory’ 
changes 


were 


triple stain gross and microscopic 


pres nted in paper were supple 


mented by observations made on experimental! 


tion Departmen 
Dr. Lord 


Foundatior 


produced 


composit 


RESULTS 
The 


pathological changes observed in cases of 


Gross Pathological Changes 


ross 


Errington’s disease were remarkably uni 
Minor differences were attributed to 
Variations mn the of the 
and the rea¢tion of the host. External ex 
of which had died of 


reveal significant 


form 
severity infection 
amination animals 
the did 
changes except in those cases in which the 
In such 

perineal blood 
Internally, the subcutaneous ves 
The abdominal cavity 
of blood 


gastrointestinal 


disease not 


colon and rectum were involved 


cases, the revion Was 
stained 
sels were injected 
was found to contain 5 to 15 ml 
tinged fluid The 
tract the most 


changes cecum 


ascitic 
revealed 
The 
volved and this was followed in frequency 
The in 


acutely 


outstanding 
was most often in 
by the colon and small intestine 
volved 
hemorrhagic but 
ally were smooth and glistening 
of the with 


observed 


areas were enlarged and 
the serosal surfaces usu 
Rupture 
gut resultant peritonitis was 
fibri 
recorded without 
The lumen 
the intestine 
watery exu 


‘ roded 


in Two cases of 


peritonitis 


one case 


nous were 
evidence of 


of the 


previous rupture 
portion of 
contained a chocolate-colored 
date The surface 
down to the tunica propria and in its plac 


involved 


mucosal Was 
was a fibrinonecrotic membrane 

The liver was normal in size 
pale in color, and contained 12 to 50 whit 


somewhat 


ish yellow, circumscribed areas -visible on 
The the liver 
lesions present the 
The size of the 
lesions varied from 0.5 to 1.5 mm 


surface of 
to be 
parenchyma of the organ 


its surface eut 


showed these it 


in diam 


eter. No changes were observed in the gall 


bladder; the common bile duet always 


patent 


Wis 


The spleen was dark and appeared to bn 
atrophied. The peritoneal 
never involved and no changes were 


surlace Wis 
notice 


able on the cut surface 


cases. criptions given represent 
picture obtained from the examin 
tion of 66 « ‘ of Errington’s disease 
— 
ait of Wiseor Paper N« N.S 196 Published wit! 
Experiment Station and supported in part |} Pittmar 
Robertson Project W.-15-Kh of the Wisconsin Conserva 
t 
| ‘ th Johnson and Johnson Kesear 
New Brus k 
~ 


Lorp 


Pathological changes in the kidneys were 
not constant and minor alterations in their 
gross appearance, if present, were invar- 
masked by autolytic changes. Sig 
encountered in 
the 


iably 
nificant 
the kidneys in 
performed 


lesions were not 


any of necropsies 

The pancreas frequently was enlarged 
and congested but other alterations were 
difficult to determine grossly. 

Pulmonary changes were those associ 
ated with respiratory distress; viz., conges 
tion, with areas of emphysema at the bor 
ders of the diaphragmatic lobes. In some 
specimens, the pathological changes ob 
served simulated those of bronchopneumo 
nia there being a patchy distribution of 
consolidated hemorrhagic Hydro 
thorax was a frequent finding. 

Pale yellow areas were often observed on 
the pericardial surface of the heart. Peri 


areas. 


Fig. 1—Low-power photomicrograph of the liver 
showing focal necrosis. Note the lack of inflam- 
mation and widespread pyknosis. x 70. 
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carditis was never encountered nor were 
the valves found to be affected 

Benbrook, whose 
corded in Errington’s report,’ mentioned 
the presence of serous peritonitis and pleu- 
ritis together with splenie swelling and 
hyperemia. None of these changes was ob- 
served in field or experimental cases. The 
spleen invariably appeared to have under- 
gone atrophy. Peritonitis, when present, 
was fibrinous in nature 


observations were re 


Microscopic Pathological Changes.—Tis- 
sue sections were prepared from the organs 
of 19 muskrats which had died from nat- 
ural or experimental infection. 

Liver.—The entire 
the liver was congested. 
sinusoids usually 
produce pressure atrophy of the adjacent 
hepatic This was most noticeable 
in areas surrounding the central veins 
Degenerative changes with minimal mono 
nuclear infiltration around 
the portal veins and hepatic arteries. None 
of the bile ducts showed pathological alter- 
Throughout the liver, well-circum- 
of focal 


These areas presented a 


vascular system of 
Congestion of the 
enough to 


Was severe 


cells. 


were observed 


ations. 
seribed 
served 


areas necrosis were ob 
(fig. 1) 
characteristic appearance in all 
tions studied. They were seen to have an 
eosinophilic, fibrinoid center containing de 
generated leukocytes and hepatic cells. The 
hepatic cells surrounding the area showed 
Those 
closest to the center were most severely af 
fected. The cytoplasm of the cells con 
tained large vacuoles and, 
both the cytoplasm and the nucleus showed 
this change. Toward the periphery of the 
lesion, the hepatic cells were swollen and 
frequently contained pyknotic nuclei and 
hydropie vacuoles. Many hepatie cells ad 
jacent to the foci 
teria in their cytoplasm. In some instances, 
the bacteria appeared to have bulbous ex 
tremities and on two occasions spores were 


the sec 


varying degrees of degeneration 


in other sections, 


necrotic contained bac 


observed (fig In some tissue sections, 
well-circumscribed areas were seen consist 
ing of hepatic cells in advanced stages of 


cloudy swelling with pyknotic nuclei. The 


cytoplasmic swelling within the cells caused 
compression of bile caniculi with the result 


that prominent in all 
such locations 


to represent the early stages of the neero- 


bile pigment 
These areas were presumed 


was 


biotic process 


An analysis of the hepatic tissue changes 


65° 
7 


Vet 
1956 
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the pathogenesis of the lesions 
to be as follows The 
access to the liver via the portal 


through 


suggested 
etiological agent 
gained 
circulation During its 
the portal triad, it produced degenerative 
changes in the that point 
It then became lodged in the parenchyma 
where it elaborated toxic substances. These 
diffused through the tissue to produce de 
swelling of the 


eal 


Passage 


vessel walls at 


generative changes with 
eytoplasm and resultant bile stasis 
necrosis was the final result 

No 


capsule 


Spleen changes were observed in 


the The 


varying degrees of congestion In 


splenic organ revealed 
SOTHC 
tissue sections, congestion was perifollicu 
lar in distribution. Most of the follicles 
were no longer visible but the trabeculae 
were still prominent. Acute inflammatory 
reactions were not observed. Many macro 
phages were seen to contain phagoeytized 
blood pigment. The outstanding 
change in the spleen was the presence of 
increased numbers of multinucleated 
throughout the tissue. These cells did not 
conform to the descriptions given for any 
of the classical giant cell types and their 
formation appeared to be the result of in 
complete mitosis. This conelusion was 
based on the finding of incompletely seg 
mented nuclei forming a sausage-shaped 
band within the cell. The 
changes observed in the spleen appeared 
much like those described by Moll, in ex 
perimental botulism in mink and ferrets 


most 


cells 


pathological 


the 


outstanding, congestion 


Tl hi bserved 
Pancreas ie changes observed in 


pancreas were not 
with varying degrees of interlobular and 
interalveolar edema being characteristic 


Many of the alveoli and ducts were filled 


with pancreatic secretions which appeared 
every 


Case 


the 


to have become hyalinized. In 
there 
islets of Langerhans. 
The 


the kidneys were not 


was evidence of degeneration in 


Kidneys microscopie changes ob 
served in 
with the exception of congestion which was 


The renal capsule and 


uniform 


finding 
epithelium of the 
volved A few kidney 
patchy areas of degeneration in the tubules 
of the medulla. Caleification 
was observed in Katty de 
generative changes in the collecting tub 


a constant 


pelvis were never in 


sections revealed 


cortex and 


some sections 
ules were present in others 


Intestines.—Regardless of the area of 


intestine involved, the pathological changes 
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same except for 
The blood 
in the muscular layers and submucosa were 
those of the villi rup 
hemorrhage the 
Hemorrhage also 
the muscle the 
With the exception of 


surface 


were essentially the vary 


intensity 


ing degrees of vessels 


congested and were 


tured with resultant into 


lumen of the gut Was 


observed between fibers of 
layers 
the 
In these 
observed 


Edema of 


muscular 
two 
volved 
date 


res porse 


CASES serosal Was not in 


a fibrinous exu 
cellular 


2 animals 
with minimal 
the 
and submucosa was a constant finding. Ex 
amination of the 
vealed degeneration and necrosis but cellu 
extensive 


Was 
muscular layers 


mucous membrane re 


lar infiltration was not most 
of the sections In 
extended the propria 
cores of villi devoid of epithelium extend 
thick 


brane consisting of degenerated epithelial 


severe CHSeCS Hnecrosis 


tunica leaving 


ing into the lumen. A necrotic mem 


cells, and erythrocytes en 


leukocytes, 
tangled in a network of fibrin, covered the 


inner surface of the intestine. In less ad 
this 


Bacteria 


membrane was poorly 


similar 


vanced 
developed 


CHSCS, 


to those ob 


Fig. 2—Oil immersion photomicrograph of the liver 
from a case of Errington’s disease showing bat 
teria with spores within a hepatic cell. x 1200. 


~ 
\ 
4 
= 
- 
= >»... 
4 


506 LORD 


served in the liver were seen in large num 
bers in the crypts of some of the glands, in 
the submucosa, and between the musele fi 
bers. In one specimen, large numbers of 
with 
observed in the 


blood 


changes of the 


terminal 
lumen of the 
The histopathological 
tract 


the bacteria spores were 
submu 
cosal vessels 
intestinal observed 
among animals which died of Errington’s 
disease were those of a hemorrhagic, mem 
branous enteritis 

Mesenteric Lymph Nodes 
a frequent finding in the mesenteric lymph 
This 


pronounced immediately below the capsule 


Kdema Was 


nodes examined change was most 


Large numbers of plasma cells were pres 
blood 


Serutiny of the pa 


ent. Phagocytosis of pigment was 


frequently observed 


renchymal cells reveaied varying degrees 
of degeneration and in one specimen there 
was a necrotic area histologically similar 
to those observed in the liver 

The general lack of severe pathological 
lymph 


offered support to the proposed hematoge 


changes of the mesenteric nodes 
nous spread of infection 

Lungs Microscopic changes in the 
lungs The 
quent finding was congestion and 
rhage into the alveoli, Edema, emphysema, 
and observed in 
lung preparations 
present in any 
the bronchi and 
involved 


Heart 


were not constant most fre 


hemor 
several 


atelectasis were 


Pneumonia was not 
of the sections studied and 
bronchioles were never 
Edema and degeneration of the 


Myo 


myocardium were constant findings 


carditis was never observed 
Pathological 
not observed in any areas of the brain 


Brain alterations were 


SUMMARY 


Necropsies were performed on Hb 


Topp 


KABA 


muskrats which had died of Errington’s 
(lisease 

2) The gross pathological changes wer 
characterized by an acute hemorrhagic re 
action in one or 
tinal focal 


atrophy of the spleen 


more portions ol the intes 


tract, necrosis of the liver, and 
Kibrinous peritoni 
tis was observed in 

3) The 
sented in this report were based on the ex 
from 19 


natural or 


two specimens 
histopathological changes pre 


tissues muskrats 


amination of 
which had died 


infection. Congestion 


trom exper! 


was common 
Well 


present 


mental 
to all of the 
defined 
throughout the 
to the necroth 


examined 
were 
Hepatic 
contained 
Interlobular and 
present in the 


areas of necrosis 


liver cells adja 


areas bacte 
ria with terminal 
interalveolar 


The islets of Langerhans showed 


spores 
edema Was 
pancreas 
(Congestion 


evidence of degeneration Was 


the only significant change in the kidneys 
The histopathological changes in the intes 
tines were those of an acute membranous 
enteritis with hemorrhage into the lumen 
present in the 


lymph 


Degenerative changes were 
parenchyma of the mesenteric 
Subeapsular edema also ob 
There 


any of the 


nodes Was 
evidence of pneu 
studied A 
few lung SeCTIONS revealed edema, emphy 
Myocardial degen 
observed in the 


served Was ho 


SeCCTIONS 
and atelectasis 
and 
Histopathological changes were not 


sema, 
eration 
heart 
observed in 
studied 


edema were 


any of the brain sections 
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Studies on Errington’s Disease in Muskrats. II. Etiology 


G. H. LORD, D.V.M., Ph.D.; A. C. TODD, Ph.D.; 
C. KABAT, M.S.; H. MATHIAK, M.S. 


Vadison, 


THE Gross and microscopic pathological Errington’s disease. While an epizooti 

changes observed in cases of Errington’s did not oecur, a large number of diseased 

clisease have been deseribed previously became avatlable to permit 

Acute hemorrhagic, membranous enteritis vestigations on the etiology of the disease 

and focal necrosis of the liver were found 

to be characteristic lesions in muskrats 

which had died of the disease Erring 

ton’s original report in the lowa Quar 

ferly, 1946° dealt with a description of 

the morbid anatomy, his attempts to so 

late an etiological agent, and a deseription 

of the spread of the disease in Central 

lowa marshes and streams. The 1946. 

port indicated that organisms which grew 

in occasional cultures were later identified 

Escherichia coli was the 

most common. Salmonella typhimurium 

was isolated from 1 muskrat carcass. Its 

role, if any, was not determined. The lowa 

report did not indicate a specific etiologi 

cal agent although after failure to isolate 

a bacterial pathogen the possibility or 

filterable virus was considered 
In 1946.° an epizootic occurred in musk 

rat populations in’ Wisconsin, Findings 

based on necropsies of specimens in. the 

field led to the ecnelusion that the Wis 

consin epizootic was similar to those ob 

served in lowa. The Wisconsin report 

included recorded cases of tularemia and 

indicated that the fatalities which occurred 

might have been due to two possible etio 

logical agents. Pasteurella tularensis and 

the agent responsible for Errington’s dis 

PHSt Pasteurclla tularensis was not iso 

lated from carcasses during the epizooti 

but two cases in man were recorded in 

trappers in the vicinity of Horicon Marsh va 
Th rapid increase in the numbers of chorioallantoi« 

muskrats at Horicon, from 1946 to 1951 

contributed to the establishment of a proj 

ect to study the disease; it appeared pos 

sible that the new population might again 

be composed of individuals susceptible to 
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Project or jue ré ere ed ‘ 
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Lord ne ¢ Johnsor on Rese in other embryonating egg 
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white mies guinen 
ere imoculates ) rious 
preparations uses 
experime 


tions © lantoie ff 


mombram re 
ing become infected 


A suspension prepared fro i 

nostomum coaitum present none ol the thods cli SCI ibed Was 
diseased muskrat wis injected it possible to demonstrate the presence of 
hamsters, The trematod a filterable agent capable of being culti 


mortar with sterile sand and the insu ‘ vated in the developing chicken embry6é 
pended in 0.85 per cent saline As many as ten serial passages were made 
Bacterial Studics,Smears were prepared from without establishing an infectious agent 
ished diseased portions of the intestinal traets Histopathological examinations of sus 
0 suskrats ad die« rton 
f muskrats which had died of Erringtos pected chorioallantoic membranes did not 
ise nnd these were stained with a modification of > 
reveal changes common to viral infections 

Harvested allantoic fluid was incapable of 


agglutinating a 1 per cent suspension of 


(iram stain, Control smears were prepared from 
nimal which had died of other causes 

Tissues from the decomposed carcasses were cul 
tured on ix different types of mediums 7 per muskrat erythrocytes or a suspension of 
cent ox blood agar, nutrient agar, Albimi Brucella chicken embryo erythrocytes from which 
agar, serum broth, eystine blood agar, and Sabou the fluid was recovered 
raoud’s agar. The inoculated mediums were ineu According to Errington Packer who 
bated at 37, for seventy-two hours before they assisted at the time of the Iowa epizootic 


\ onsie ed to be ut 
ore considered to be negative was unable to demonstrate a virus by the 


Anaerobic cultures were made from those organs . ‘ 
use of embryonating chicken eggs. Seven 


showing gross pathological changes. Seven per 
cent ox blood agar was employed as the medium and | day old em a yen wor used and in - 
and incubation was carried out at 37 ¢ for sey bation was continued up to the time of 
enty-two hours in Brewer jars. Affeeted portions hatching. MeLeod* stated that the pri 
of the intestinal tract were recovered, the mu mary cause of the disease was a virus 
cosal surface washed with sterile saline, and five which he was able to isolate and transmit 
serial plate dilutions were made. Tissues from through a succession of animals 
nondiseased specimens were cultured in an identi ' 
I Laboratory Animal Inoculations Of all 
cal manner These served as controls 


Wuskrat muskrate tle animals that received injections of the 

were used in an effort to reproduce the disease preparations described only 3 mice suc 
nn 

experimentally, These may be conveniently divided cumbed Their livers were found to be 


into three groups spotted with small, white necrotic foci, An 
Kight healthy muskrats received preparations epizootic due to infection with Salmonella 
each of which was considered to be a likely soures typhimurium was later diagnosed in the 
of the etiological agent of Errington’s disease mouse colony It was felt that the Jesions 
( he T nis ere ecter subeuta 
table | he materials were injected : observed resulted from infection with this 
neously in the interseapular region 
common mouse pathogen 
Thirty two other animals were inoculated with > 
Errington stated that Packer had at 
TABLE 1—lInoculations of Muskrats with Various tempted to produce the disease in guinea 
Preparations Made from Tissues and Cultures PIS, young albino rats, and mice with 
Obtained from Animals with Errington’s Disease jpegative results 


Muskrat fJacterial Studies.—Gram-stained smears 
Inoculum from diseased portions of the intestinal 


teaue suspe Ne tract revealed numerous gram-positive rods 
4 ecal tissue filtrate Ne ‘ 


with terminal spores. Organisms of ap 


ecal tissue plus penicillin and 
streptomycin Negative parently identical morphology were occa 
Liver tissue suspension Ne 1] f f 
sionally found in smears prepare rom 
Liver tissue plus penicillin the liver and spleens. Control smears made 
286 streptomycin —- from the organs of healthy muskrats and 
Third serial plate aerobi 
culture (mixed) also from those of muskrats which had 
Third serial plate anaerobi died from CAUSES othe I than Errington on 
culture (mixed) Died of 
Errington 
disease described. 


disease did not reveal bacteria of the type 
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There was much morphological similar 
ity between the sporeformer observed in 
those observed in tissue see 
liver and intestinal 
described in a previous paper 

Aerobic cultures of the tissues from dis 


and 
tions of the 


smears 


tract and 


eased specimens were negative after incu 
bation at 37 C. for 72 hours on all the dif 
ferent types of mediums employed. The 
absence of fungous growth on Sabouraud’s 
agar was ascribed to the temperature at 
which incubstion was carried out 

cultures resulted in 


Anaerobic profuse 


growth It was possible to iso 
fifth 
from 


bacterial 
late individual 
plate. Cultures 
specimens all showed a 
growth which differed 
scopically from that obtained from healthy 


colonies on the serial 
ased 


type of 


obtained 
similar 
grossly and micro 
Gram-stain preparations were 
different 
The 


recovered 


specimens 
made of all the 
sented on the plates 


colonies repre 


two 


most commonly were a large 
yram positive hemolytic rod and a 


The 


similar to the 


positive rod with a terminal 


latter was morphologically 


Spore 
sporeformer observed in smears prepared 
from the tissues of diseased animals 

Identification of the 
not attempted but pure culture 


colonial types was 
isolations 
were made of those types that were com 
mon to anaerobic cultures from diseased 
muskrats 

A culture of the 
to James Mandia, 


Pathology, 


sporeformer Was sent 
Department of Animal 


University of who 
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later reported the organism to be an active 


saccharolytic Clostridium resembling Clos 
tridium carnis but differing in several as 
It produced acid and gas in glucose, 
maltose, and 
produced abundant milk 
coagulation. It did not liquefy gelatin nor 
form H.S and It produced a ter 
minal and nonpathogenic for 
guinea pigs and white mice 
Vuskrat Only 1 
died of the & that inoculations of 
materials considered to be likely sourees ot 
table 1 


the growth obtained 


pects 
salicin. It 
without 


sucrose, lactose, 


tit 


indole 
spore Was 
Tnoculations muskrat 
received 
the etiological agent This ani 
mal 1 mil. of 
from a third serial plate dilution after 1 
had been washed from the plate with 10 
mil. of The plate had been 
prepared from a diseased muskrat, and it 
had 


tions for 72 


received 


sterile saline 


anaerobie condi 


mixed 


under 
hours It 


been cultured 


Was i anaet 
obie culture 

A study of table 2 
bers of muskrats employed and the types 


will reveal the num 


of inoculums administered. Control ani 


mals consisted of a representative group 


of muskrats trapped at the same = time 


maintained in separate cages but in the 


same environment, to which nothing was 


administered, The disease was reproduced 
on 11 oceasions using the following types 
of inoculums: a suspension containing 
fresh feeal filtrate 


recovered from ground 


cecal Timstiec, 
fluid 

membranes 
from the 


liver and 


stipernatant 


chorioallantoiw mixed anaer 


obie cultures cecum, mixed an 


TABLE 2—Summary of Inoculums Used and Results of Attempts to Reproduce Errington’s 
Disease in Muskrats 


{ES 
— 
me 
‘ 
f fecal filtrat ( 
tre tode t 
‘ t ‘ 
Warir ‘ fiite | ‘ 
Nar na t at 
Var nded ntreat ‘ 
' ‘ nded—filter ‘ 
mixed aerol t fror ‘ 
1 anaer t fr ‘ ‘ 
er t ana ture fror ( 
i pu ilt reott tr ‘ 1 1 
tone 
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aerobic cultures from the colon, and 
cultures of the Clostridium 

The length of time that elapsed between 
exposure and death varied from three to 14 


pure 


days and generalized edema was more no 
ticeable in experimentally 
than in natural 
the 
rest in 


produced CASCS 
The 
in experimental 
number of 


infection source of 
Variation 


the 


may 


organisms present 


TABLE 3-—-Exposure of Healthy Muskrats to 
Contaminated and Noncontaminated Cages 


rrington dine 
nated cages 
Errington’ dine 
nated cages 
) per ce 


oncontar 


in the inoculum, in the altered pathogen 
icity of the organism in the artificial medi 
ims, or in differences in individual animal 
susceptibility 

The death which occurred following the 
injection of fresh filtrate 
attributed to the presence of a 
is emphasized that fresh material was used 
in preparing the inoculum, Failure to re 
produce the disease consistently by the in 
suspensions and filtrate 
may have been due to the fact that 
bacterial toxins are rapidly destroyed in 
the body following death 
rarely received within 24 hours after death 

In order to establish the role played by 
body exeretions in the transmission of the 
disease, 4 healthy muskrats were placed in 


might be 
toxin. It 


fecal 


jection of tissue 


most 


( ‘ATCASSOS were 


cages that were previously occupied by ani 

which had died of the 
5 were placed in cages contaminated by 
which at the time of necropsy 
showed no evidence of the (table 
3). Clean water bowls were placed in both 
Of the 4 animals, 1 died in 
six days and the other 3 in seven days with 


mals disease, and 
muskrats 


disease 
sets of cages 
typical lesions of the disease. The species 
of Clostridium were recovered from the tis 
sues of these animals and also from dry 
taken from two of the cages. No 
deaths were recorded in the control group 

It was later that the disin 
fection of cages per cent creolin 
ineffective This 


feces 


discovered 
with 5 
Was (table 3 observa 
tion 


the Clostridium in 5 per cent creolin A 


prompted testing a pure culture of 


KABAT 


MATHIAK 


large numbers 


48-hour culture containing 


of spores was suspended in 5 per cent 


tempera 
stispen 


creolin for nine days at 
ture. At the end of this 
sion was centrifuged and washed five times 
The 


plated on 7 per cent ox blood-agar and in 


room 
time the 
was then 


with sterile saline sediment 


cubated for 72 hours under anaerobie con 
ditions. The organisms were 
viable even after 
¢laving at 250 C 
to be the only satisfactory method of steri 


found to be 
Auto 
for 20 minutes was found 


such treatment 


lizing contaminated cages 


SUMMARY 


the 


disease 


] Lack of 


etiological 


information concerning 


agent of Errington 
in muskrats prompted investigations that 
might lead to the solution of the problem 
Z Attempts to isolate a filterable agent 
by using embryonating chicken eggs were 
unsuccessful. A total of 
oculated with four different 
oculums using three routes of 


3) Albino 


were not 


164 eggs were in 
types of in 
inoculation 
and ham 
filterable 


mice, guinea pigs 


sters susceptible to a 
factor 
t) Aerobic cultures 


diseased specimens were 


from the organs of 
negative after 72 
hours’ incubation at 37C. Six different 
types of mediums were employed 

2) A gram-positive 
rium identified as a ¢ 


found to be common to cultures and smears 


sporeforming bacte 
lostridium sp. Was 
prepared from cases of the disease 

6) The disease was successfully 
duced in healthy the 
pure cultures of the Clostridium and also 


repro 
muskrats by use of 
by the use of various inoculums suspected 
the 
products of its metabolism 
that elapsed 
death varied from three to fourteen days 


organism or possibly 
The length of 
exposure 


of containing 


time between and 


in experimental animals 


7) Body exeretions of affected animals 


appear to play an important role in the 


transmission of Errington’s disease 
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Studies of Prepared Feeds in Relation to Salmonella Infection 
in Laboratory Animals. I!. Reproduction and Growth of Mice 
on Heated and Unheated Commercially Prepared Feeds 


CHARLES A. GRIFFIN, D.V.M. and WILLIAM R. THOMPSON, Ph.D. 


Alhany, 


1949 of an 
newport in 
previously free 
feed led 


microorgan 


outbreak in 
Nalmonella 


FOLLOWING an 
infection due to 
mouse-breeding colonies 
from Salmonella, examination of 
to the finding of the viable 
isms in meat scraps and commercially pre 
pared feeds.’ It 
to attempt to reestablish 
free from the 
feed 
this 


dog and mouse seemed 


useless breeding 
infection until an 


could be 


colonies 
uncontaminated 
The object of 
report results of comparison of reproduc 
tion 


Yroups 


procured 
communication is to 
vrowth of eohort 


and offspring in 


from our mouse colony, respe 
tively maintained on different feeds, some 
dielectrically heated, and some autoclaved 
The choice of the feed for the critical part 
of the experiment was dictated by consid 
availability of a 
good feed and facilities for dielectric heat 
Our primary 


excellence itl 


erations of commercial 


Con 


ing in the same place 


cern Was not attainment of 


Laboratories 
Alban 


acknowledge the cooperation 


From the D on of 
York State Department of Healt 
The authors 
ern States 


treatments of feed it 


Farmers’ Exchange in providin 


their ovens in Buffalo 


essential to this investigation 


Vew 


York 


nutrition, but rather to eliminate the men 
ace Of Salmonella infection in our colony 
and its interference with experimental work 
involving the animals. However, it 
important to that inadequacy of 
a feed evident after 
several generations had been produced and 


seemed 
consider 
become 


might only 


the offspring raised on it 


MATERIAI Meruop 


Heat Tre 


ised dic 
other 


Junghert 
lectric heat in destroving 
pathogens mn burlap to make used feed 
large 


used 


Salmone! 


safe for refilling he dheleetrie 
Flach 


for group the 


ovens 


sribed b were 


preparing 
The 


wries 


present experiment 


gree of heating was determined by a f 


tests for irvival of Salmonella and Bacterium 


coli inoeulated into feed cubes ) ol in the 


center f lO0-lb. bags of feed microorgan 


wus having the characteristics of Salmonella were 
ul after heating at 
iot ifter ike 


vith 


180 for 
151 
Feeds thus 


underwent 


minutes but 
treatment it ugree 
Jungherr’ heated jn 
hugs in 


obvious 


findings 
little or no 
rhirty 


dielectric 


inge in physieal properties 


minute between 210 and 2vOoF vas adopted as 


tandard treatment here dieleetriec heating wa 


TABLE A—Compositions for the Three Unheated Commercial Feeds 


Crude protein 
Crude fat 
Crude fiber 


Nitrogen free extrac 
Alfalfa meal 
Corn grits 
Oat middling 


eat gern 


ed Vheat gern 


eat meal Dried skin 


sh mea Meat men 


Liver mea Fish mea 
soybean oil mea 

Steamed bone 

Dried beet puly 

Molasses 

Krewers yeast 
Vitamin A and ID 
Vitamin Hy, feed su 
Riboflavir 


Thiamin and niacin 


ated plant st 


suppleme 


lodized salt 


Mangane 


se sulfate 


ail 


Meat mea 
»ybean oil me 
Dried apple po 
Fat bas 
irewers 

itamir 


irradiat« 


ne 
feed 
K 
the d t 
ined 
Feed I | Feed 
25.0 0 
6.4 
i6 
falfa men falfa mea 
(ooked corn an tfla I ssted ‘ n flab 
Second ear th K ed oat 
Bread cruml ( n diatiller lried solul 
oil me ‘ 
heese r bf 
omace ant 
fat tar ni ‘ t 
enst pplement 
Land 1) fe daly tocopl 
im phosphat alt 
lodized salt 
Sodium bicarbonate 
Cher re rvative 
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Feed for group 5 was autoclaved at this labo (group 3), dieleetrieally heated group 4), or 
ratory, spread to a depth of 2 inches in trays, autoelaved (group 5 However, since the feed 
with a jacket pressure raised to 90 (but not over chosen as readily available in these forms had not 
95) |b. per square ineh and with air exhausted been used previously in this laboratory for main 
from the chamber by vacuum. Due to inequalities  tenanee of stock mice colonies, we planned to have 
in heat distribution, there was about 10 to 15 two other groups simultaneously maintained, re 
degrees difference in temperature of feed in dif spectively, on two other unheated feeds (I and II 
ferent parts of the chamber; the greatest tem that had been so used. Accordingly, five groups 
perature was attained in the upper trays and a of mice from the same generation of the stock 
minimum of 100 C, was attained apparently by all colony were formed by distributing litter mates 
the feed, A 30-minute period of treatment was at the time of weaning among the groups. The 
adopted as standard where autoclave heating was groups were then subdivided into families, eom 
used, Some hardening and considerable darkening prised of 1 male and 5 females, which were sep 
of feed enbes resulted from this ‘‘dry heating’’ arately maintained in a 10 by 20-in. box on 
in an autoelave the same feed as the rest of their group. The 

Bruce” recently reported on the use of an auto plan called for 20 families in each group, but this 
eclaved stock diet for mice, feed being autoclaved was not always attained. The families of each 
at 15 Ib, per square ineh for 20 minutes. In a group were honed in separate cubicles, but all 
mited number of mice producing ave generations groups were uniformly treated exes pt for the stipu 
of offspring, he found no evidence of impairment 
of reproduction However, his observations on 


The animals were ob d daily, and pregnant 
growth were restricted to determinations of weight : ° 
- ning ag females were removed individual boxes, 6% 
il Vvenning age 

The compositions of the three feeds used are by 6 in. Litters, alive or dead, the number of 


given in table A young, and the live litter weights at the age of 

Vaintenance and Observation.Our primary », 3, and 4 weeks were recorded. The young 
purpose was to compare reproduction and growth were weaned at 3 week nd the mother returned 
of offspring in three groups, respectively main to her original famil box, exeept that if the 


tained on the same feed (III); either unheated young died the breeder is immediately returned 


MIXED SEXES (2WKS) MIXED SEXES (4 WKS) 


THIRD GENERAT 


ENERATION 
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FIRST GENERATION 


CUMULATIVE PROBABILI vy 


Each point corresponds to offepring of one family on feed ILI], unheated, dielectr 


as indicated by circles, closed triangles, or open triangles, respect 


Fig. 1—Mean family mouse weights (mixed sexes) at 2 and 4 weeks of age 
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StTupies OF PREPARED FEEDS IN RELATION TO SALMONELLA $13 
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In that ease, the unelapsed part of the usual three made of breeders for production of the next gen 
weeks allowed for weaning was considered as ad eration in the experiments. So, in like manner a 
ditional breeding time and so applied in the reeord second and third generation were produced and 
as an adjustment. observed in the respective group catogories \ 
The period taken for observation of breeding fourth generation was produced under conditions 
of a given family was five months beginning 21 modified to some extent as will be deseribed but, 
days before its first litter was born Accordingly, aside from such changes, the original mice of each 
mouse-breeding months were calculated for each group and the successive generations were treated 
family as the sum of breeding months for each as separate colonies, maintained on the feed origi 
of the female breeders (adjusted, if necessary, nally assigned to the group 
as noted previously). If there were no irregulari 
ties, this would be 25 mouse-breeding months for Ri SULTS 
a family. Offspring born after the actual five 
month period preseribed for observation of repro Reproduction records of hice on feed 
duction were not ineluded I1l (groups 3, 4, and 5) are shown (table 
At the age of 4 weeks a limited number of litters ] Pregnancies per female mouse breed 
from each group were set aside for further weight ing month show a fair agreement for three 
recordings. These young mice were assembled in generations of mice whether on unheated 
or on heated feed. The number of live 
same feed. The number and total weight of each young for each group showed variability 
{ but not suggestive of detrimental effects 


subgroups of 4 to 7 of the same sex and age, and 


these subgroups were maintained separately on the 


of the subgroups were recorded at the ages of : ; 
weeks (when they were assembled) and at 8 weeks from heating feed 
From such 8-week-old mice, random selections were Growth of Offspi mg Growth of young 


FEMALES (8 WKS) MALES (8 WKS) 
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CUMULATIVE PROBABILIT 


ch point corresponds to a selected subgroup of male or female offspring on feed III inheated 


] heated, or autoclaved as indicated by circles, closed triangles, or open triangles, respect 


Fig. 2—Mean group mouse weights (females and males) at & weeks of age 
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TABLE 1—Reproduction Record of Mice on Feed III, Unheated, Heated in Dielectric Oven, 


and 


frroup- 3 mice 
Unheated feed 


Mouse 
Total 


Litters dying or de 


breeding months 


itters alive 


mother 


subgroups 


of mice 


ubgroups 


of mice 


is Indicated by mean mouse-weight of fam 
ily that of selected male or 
female viven These 
shown in graphs on a logarithmic ordinate 
ab 


offspring or 


groups at aves. are 


with cumulative “aS 


estimated 


scale frequency 
SC ISSA in accordance with prin 
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family mouse weights (mixed sexes) at 2 and 4 weeks of age 
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STUDIES OF PrerpareD FEEDS IN RELATION 


feed and afford 
comparison or contrast with other groups 
like conditions of maintenance ex 
cept for use of a different feed. Thus, 
results are given (fig. 1) for three gener 


subgroups on the same 


under 


ations for offspring 2 weeks old on the 
left-hand chart, and 4 weeks old on the 
Those for unheated feed III group 
those for 
group 4 


right 

are shown as open circles, 
dielectrically heated feed III 
closed triangles, 
feed III group 4 


shown as open triangles. A like 


are shown as and those 


for autoclaved are 
represen 
tation is wiven for corresponding week 
old selected subgroups (fig. 2 with fe 
right 
small the rel 


males on the left and males on the 


An appreciation of how 
contrasted 
that 0.1 


scale di 


differences are between 
had by 
on the abscissal scale 

vision) has a length that is equivalent on 
the vertical to about a 4.7 per 
twice the equival nt 


ative 
graphs may be noticing 
one small 
scale cent 
increase, length is 
vertically to about a 9.6 per cent increase 
three length is equivalent 


and times the 


= 
= 
Ww 
> 
= 
z 
< 
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CUMULATIV 


und feed III 


ig. 


I] 315 


ro SALMONELLA 


vertically to about a 14.5 per cent Increase 
In figures 1] 4 


and 2 we focus atten 
ordinate points on the graphs 


may 
tion on the 
that correspond to a cumulative probabil 
ity of 0.5, the mid-points of the graphs 
The mid-points of the three 
curves In the two figures, ex 
cept for third 


compared 
case 
females in the 
per cent of om 
another ; excepted 
for unheated and dielectrically heated feed 
I11 lie within cent of each other, and 
the mid-points for the 
claved feed IIl 
than & 


throughout the 


each 
&-week-old 
generation, lie within 5 
even in the case, those 
5 pes 
unheated and auto 
open circles and triangles 
different. Even 
curves 


are less cent 


per 


under eom 


entire 


parison most differences do not exceed ) 


cent, rarely 10) per cent. Even in 


treated 


generation 


per 


the case exceptionally above the 
third 
unheated 


statistically 


respectively on 
autoclaved feed ILL, a 
difference 


females 
and on 
significant between 


the graphs (dissociation) is not found in 
elsewhere 


accord with a test deseribed 


A Cor responding 


MALES (8 WKS) 


ENERA 


FIRST GENERATIUN 


PROBABILITY 


Mean group mouse weights (females and males) at 8 weeks of age 
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is Offered between animals maintained on 
the three unheated feeds: | I] 
as triangles, and III as squares—the last 
being the same as given by circles in fig- 
ures 1 and 2. The differences in figures 
4 and 4 corresponding to use of different 
feeds are only a little greater than those 
shown in figures 1 and 2; again 10 per 
cent or greater differences are fairly rare. 
However, in ten of the 12 sets of three 
graphs, the mid-point for feed II is greater 
than that for either I or III, in one of the 
remaining two cases the mid-point for II 
exceeds that for III, in the other case they 
are nearly the same. 

Feed Il appears somewhat better than 
feed III, which had been for the 
most critical part of the experiment; but 
to confirm this a fourth-generation experi- 
ment was set up. Twenty-four families of 
third generation offspring on feed Il were 
divided into two groups; group was 
continued on feed Il, whereas group 2b 
was changed to feed III. Similarly, 40 


as circles, 


chosen 


2a 


families of third generation offspring on 
feed IIl were divided into group 3a, which 
continued on feed II], and group 3b, which 


MIXED SEXES 
(4 wks) 
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was changed to feed Il. Cumulative prob- 
ability graphs are shown (fig. 5) for the 
offspring mean mouse-weights for families 
at two weeks and at four weeks, and for 
selected subgroups at eight weeks sepa- 
rately for males and females. Circles are 
used for animals derived from group 2, 
open for 2a but closed for 2b; triangles 
are used for animals derived from group 
4, open for 3a but for 3b. Thus, 
the open symbols indicate animals on the 
same feed as in preceding 
whereas the closed symbols indicate ani- 
mals changed to the other feed. These 
show agreement between the ani- 
mals on the same feed in the current gen- 
eration than between animals having the 
same parental group. Thus, the results in 
figures 3 and 4, indicating somewhat bet- 
ter growth on feed II than on feed III, 
appear attributable to the difference in 
feed rather than some inherent character- 
istics of the respective groups 
Simultaneously with the above, another 
experiment was set up with other third 
generation group 2 mice, subdivided into 
three groups. Of these, group 


closed 


generations, 


closer 


Was 


(8 WKS) 


FEMALES 
(8 WKS.) 


CUMULATIVE PROBABILITY 


Parents previously on feed II indicated by 
indicated by open symbols 


use of circles 


on the other feed indicated by closed symbols 


on feed IIT by triangles; offepring on feed 


same 


Fig. 5—Mean mouse weights (families at 2 and 4 weeks, groups at 8 weeks) fourth generation. 
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STUDIES OF 


tinued on unheated feed II, group 6 was 
changed to dielectrically heated feed LI, 
and to autoclaved feed Il. This 
is analogous to the experiments with feed 
III (fig. 1, 2 except that the experiment 
did not extend into two subsequent gener- 
ations on the same diet. There was no evi 
dence of better growth on unheated feed 
Il; if anything, the results appear to favor 
the use of heated feed II 


group 7 


Disc USSLON 


Reproduction records for the other ex 
** were in general harmony 
with the corresponding growth 
as shown in the figures. They 
a somewhat better reproduction for feed 
Il in all respects than for the other two 
feeds For the crisscross experiment with 
feeds Il and III (both unheated), repro 
duction results were somewhat favorable to 
feed I] 
same feed, unheated, dielectrically heated, 
and autoclaved, respectively, used in si 
multaneous indicate in the 
feed Il that there is little or no disadvan 
tage in use of the heated feeds over use of 
the feed, unheated, with respect to 
reproduction; this is in accord with the 
evidence given in figure 5 with respect to 
growth. In this case only one generation 
has been but the both 
with respect to reproduction and to growth 
are in accord with the three-generation ex 
perience with feed LIL similarly compared 
unheated, dielectrically heated, 
as shown in table 1 and 


and 2 


periments 
records 


indicate 


Comparisons of results with the 


tests case of 


same 


observed, results 


as to use 


and autoclaved 


figures 1] 


SUMMARY 


Heating commercially prepared feeds at 
210 to 220 F. in dielectric ovens for a half 


ve been ozalid 


Tables 2 and 4 


able ipon request to the authors 


PREPARED F'eeps iN RELATION TO SALMONELLA. II 


hour destroyed contaminating microorgan 
isms Of the Salmonella group. It did not 
appreciably the nutritive value of 
such feed for mice, as determined by re 


l'ests 


impair 


production and growth of offspring 


were carried through three successive gen 
erations with feed IIL and later with only 
generation with feed Il. The three 
generation study was linked to a simulta 
neous test of two other unheated 
The three pelleted commer 
cially prepared for laboratory mice or for 
Feed Il, the one that appeared best, 
was used in the fourth 
the influence of preheating 

ously, a experiment 
ducted with some animals changed 
feed Il to IIL and vice 
respectively maintained on their 
original feed. This showed the better re 
sults with feed II to be attributable to the 
character of the feed rather than to any 
inherent differences in the groups of ani 
mals or from accidental developments in 
the course of the investigation 


one 


feeds 
feeds were 
dogs 
generation to test 
Simultane 
was con 
from 
some with 
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versa, 


others 
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The Relationship Between Particle Size and Anthelmintic 
Efficiency of Phenothiazine 
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LITERATURE CITED }0-mesh, screen removed o cent of 


worms. Gordon Cunpublished xtended his 


In a critical review, Harwood’ summarized most 
wervat 4 e si » include many de 
of the literature on the anthelmintie properties of eee ee paren nany kind 
phenothiazine He traced its history from a ot peracions nome 
chemical curiosity in 1835 through the discovery 
porter Oo antlers ene 
of its insecticidal properties in 1934, and finally emficien 
Of SIX si s of phenothia ir s particl 
through its recognition as an anthelmintic in 1938 ‘ 
sizes ‘tio ) noylus axe 
to the present where it stands as one of the most 
she J Ones onelue that, 
widely effeetive drugs available for use in do 
particle size of phenothiazine influence on 
iis 
ts antiparasitic activit e and prob 
Phenothiazine is unique in its action in that it 
against ‘Iminth arasites oweve 
acts as an anthelmintic, it suppresses egg pro belmis Howe 
» t epart sere hy | what 
duetion of many nematodes, and also is toxie to my 7 
be t ** fine it 
free-living stages of nematode larvae in the feces could ier an 
preparations had mean partic 
an 
an 5 and It seems probable 
The first indication that particle size might in 
vet we the 
fluence the efficiency of phenothiazine was made m emelency ' 
t that > ex ental proced was 
by Siegler and Goodhue who reported that two ligh ha the 
capable of deteeting them if the ' ally existed 
samples containing particles with a mid-size of 4 Rak . 
and 15 diameters were more than twice as effec ed rial in 
> ‘ drenete vit 
tive as a pole with a mid-size of 45 w in diame lam net ith phe 
T this al times ove veriod of arly six 
ter These authors observed the effeet of pheno pres “wana im ver a per 1 
thes, there 8 iifieant iffere s | 
thiazine on ecodling moth larvae when it was 
' tween the worm burdens of the é and the 
ingested on apple plugs. Zukel* used preparations ; 
untreated lambs. They sugges at partiel 
containing phenothiazine particles with mean di 


this material ma ) x pli tic if its 
ameters of 3, 10, and 95 yw and showed that the ize OF this material n waren OFS 


lethal effect was inversely related to the mean : 
duction of the worm burde 1 order to resolve 
‘ 


apparent failure to bring about a significant re 


diameter when the preparations were applied 


t wobler ‘ eportec ere 
rectly to the euticle of the cockroach Periplancta hi n, th hereit 


were conducted 
americana, He suggested this effect was possibly 


‘ ‘ mere 4 i { 
lue to the increased solubility of the smaller par 
MATERIALS AND MeTuop 
ticles in the secretions of the dermal glands or in 
the epicutiele of these insects The experimental 
Gordon * first reported that particle size affected phases; in the first, ri lambs w natural 
the efficiency of phenothiazine as an anthelmintic worm infections were employes d in second 
He found that a finely ground preparation re phase, laboratory mice irtificial infeeted ith 
moved 74 per cent of Ocesophagostomum columbi Nematospiroides dubiu lis, 926, were ised 
anum from sheep, while a coarse preparation as experimental materi 
which would pass through a 20-mesh, but not a Phenothiazine used 
grade, the three forn 
From the University of California, School of Veterinary 
as follows 
Medicine, Davi ind University Field Station, Hopland 
The phenothiazine used in this investigation was sup ] When wet, the phe 
plied by EB. I. du Pont de Nemours and Co., Wilmington 
Del 
The authors acknowledge their indebtedn 4 
Gordon of the MeMaster Laborator Svdne referred to hereafter as 
who has done much pioneering work on if , The ecommerecial N 
ffects the anthelmintix« 


through a 100-mesh sere 
ently were larger thar 


ofp ‘ mive 
particle wi . sis, showed 20 per cent o 

phenothiazine Ile supplied the authors with > 

jished data which was of inestimable assistan 105 « in diameter, | 

of these experiments 105 w, 70 per cent 

Acknowledgment is also made of the technical assist The mean particles 

ance of Fay Vance Williams who was largely responsible , | het 

for the fecal ewe counts, the total worm count and the estimuter to i nm 


identification of collected nematodes ferred to hereafter 


pal ‘ rer that 
per cent betwee 44 mad 
lier that 44 w diameter 
eter of tli materia! vu 
ind 
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N.F 


than 15 yg 


3) The commercial 
der had 100 per 
in diameter. The 


specially ground pow 


cent of particles less 
diameter was lx 


hereafter 


mean partichk 


tween 1 and 2 w and is referred to 
* fine 
employing the Me 


Feeal egg counts were made 


TABLE i1—Average Fecal Egg Counts of Lambs 
(iroup oars liun (Contro Fine 


41 


Post-treatment 217 72 455 25 


Pretreatment 


Percentage reduction 


and 


Whit 


terms of 


Master deseribed by Gordon 
Whitlock and 
lock These 


ova per gram of 


technique aus 
subsequently modifhed by 


counts were expressed in 


normal feces im the 
lambs and in ova per gram of dried 
stant 


In the 


weight feces in the ca of mice 


first experiment a group of 40 lambs, 


weight, was divided into four 
grouping 
egg counts in 
that group 
burden 


averaging 50 Ib. in 


groups The was based on re 


equal 


peated feeal worm order to assure 


each would have 


total 
while the 


far as possible 
Over 
month kept 


and fed on alfalfa hay, five pre 


approximately the same worm 


a period of one lambs were 
in a dry corral 


treatment feeal counts demonstrated 


that there 


worm egg 


significant differences between 


then 


were ho 


the groups. The lambs were treated as fol 


group | "5S Gm. of ‘course phenothia 


lo 
‘* medium ’’ 


group 


zine; group 2-25 Gm. of 


pheno 


thiazine group 6 no treatment; 


(im. of ** fine phenothiazine 
administered in hard gelatin eap 


that each 


The drug 


sules to insure lamb reeeived a full 
dose 


On the 


treatment, feeal 


fourth, and fifth days following 


second, 


were obtained and worm 


fifth day all lambs were 


samples 
egg counts made. On the 
killed The 


removed and total 


intestines were 
made This 
Opening 
ingesta Was 


abomasums and small 


worm collections 
with the 


curvature The 


was accomplished abomasum by 


it along its greater 


emptied into a pail and the organ was washed 


thoroughly to free it of worms. The ingesta and 


washings were passed through a 50-mesh sereen 


the retained material was washed in water and the 
transferred to 1l-qt. wide-mouth 


residue was jars 


to which 5 to 10 ee. of a iodine 
solution was added 


Worms were 


by first 


strong 


aqueous 


small intestine 


thirds 


removed from the 


dividing it into approximats and 
under 
then handled 


were mde by di 


flushing each portion with water pressure 


The ingesta and washings were 


Worm counts 
collected 


deseribed above 
the total 
after 


counting all of the 


luting material to 1 liter in 
thorough mixing, draining off 


this 


cylinder and, 
100 mil. and worms in 
This 
eount The 


count multiplied by ten gave the 


first 


portion 


total worms encountered in 


each simple were removed and subsequently 


identified 


EFFICIENCY Of 


PHENOTHIAZINI 


in the males 
females 
LOO N. 


divided 


second experiment 40° mice 


were each infected with an estimated 


larvae and the group was randon 
Males and fe 


'wenty-on 


into four equal groups 


males re maintained separately 


ition, phenothiazine was ineor 


days af nocul 


porated the diets of thes« follows 


chet 


groups as 
control, 
phenothi 


normal group 
group 


group 4 


group | 


cent * course 


cent ‘‘medium’’ phenothiazine 
cent tine 


Previous trial 


phenothiazine 
had established that 0.5 per 
ration of mice did not sig 


food 


phenothiazine in the 


eantly alter the amount of ingested 


intake of 


tom, per 


nothiazine was estimates 
mouse per day 

Pretreatment feeal egg counts were made on the 
thirteenth and inoculation 


two- te 


twenty-first day after 


of larvas Kgg counts were then made at 


intervals for 47 days 
lnvs after 


stoppe ad in 


four-day 
beginning treatment 
grouy 


courm 


Twenty-four 


the drug was medium md 


remained on 


group 4 fine 
feed for 45 


Group 


Four mice, 1 from 


the seventh days 


medicated days 


each group, were necropsied on 


of treatment in order to examine the 


N ropsy 


post-treatment day 61 


purus 


microscopically was performed on 


remaining mice on and 


tal worm eounts were made 


EXPERIMENTAL ResuLTs 


Sheep Trials.—Fecal The 
results of five pretreatment and three post 


Ege Counts 


counts, given as 
lamb (table 1 
that particle size exerts a definite influences 


treatment egg average 


show 


number of eggs per 


On OVOPLenesis 

Numbers of Worms in Ne 
Table 2 shows the average number 
per 
and table 3 presents these data in terms of 


Lambs at 
ropss 


of worms lamb recovered at Hecropss 


reduction of worm numbers 


Analysis of 


percentage 


with reference to the controls 


TABLE 2-—Average Number of Worms Per Lamb 


(iroup Coarse Medium Control 


Abomasum 235 16 
Sima 


Total 11 


intestine 


the data indicates that the observed diffe: 
ences are significant at the 1 or 5 per cent 
level with the exception of the differene 
between group 1] and group 


Course 


TABLE 3—Percentage Reduction in Number of 
Worme in Lambs Over Control Group 


Grouy (oars 
\bomasun 


Sma ntestine 


19 
0.5 per 
75 
rut 
case of the 
— 
— 
i4 
P 


DOUGLAS 


Graph 1—The relative efficiency of various par 
ticle sizes of phenothiazine in inhibiting ovogenesis 
and as an anthelmintic. 


These differences could be ex 
pected to oceur by chance between 30 and 
50 per cent of the time 

A graphic summary of the data empha 
sizing the relationship between particle 
size, ovogenesis, and therapeutic efficiency 
is presented in graph 1. These data, as 
they pertain to mice, were arbitrarily se 
lected from the fecal egg counts on the fif 
teenth day following treatment 
the data on the lambs represent the aver 
age of three egg counts made during the 
five days following treatment. 
Worms Recovered at Nee 
ropsy.—Considering only the untreated 
group of lambs, it is seen from the figures 
(table 4) that 89 per cent of the worms 
recovered from the abomasums were Os 
tertagia. These were largely Ostertagia 
cireumcincta, about 2 per cent were identi 
fied as Ostertagia trifurcata Tri 
chostrongylus recovered from the aboma 
were approximately 65 per cent 


(control) 


whereas 


Species of 


males 
stm 


TABLE 4—Percentage of Genera of Worms Re 
covered from the Abomasums of Lambs 


(rroup oarne Medium Control rine 


rrichostrongylus 16 1s 11 


Trichostrongylus vitrinus, 30 per cent Tri 
chostrongylus aret, and 5 per cent Tricho 
strongylus colubriformis. 

In the small intestines of the untreated 
lambs (table 5) there were slightly more 
Nematodirus than Trichostrongylus. The 
former were approximately 80 per cent 
Nematodirus filicollis and the remainder 
Nematodirus spathiger, while in the latter 


LONGHURST 


TABLE 5—Percentage of Genera of Worms Re 
covered from the Small Intestine of Lambs 


the 
vilrinus. 

The well-known 
of phenothiazine against various groups of 
nematodes is shown in tables 4 and 5. It is 
seen that the ratio of Ostertagia to Tricho 
strongylus in the abomasums of the un- 
treated lambs is about 8:1 whereas in the 
group treated with fine phenothiazine it is 
about 2.5:1. In the small this 
differential effect is still present although 
not so well marked. The ratio of Nemato- 
dirus to Trichostrongylus in the untreated 
lambs is 1:.92 while in group 4 it is 1:.56. 
Krom this data it would appear that of the 
three genera of worms encountered, phe- 
nothiazine is most effective against Oster- 
tagia, somewhat less effective against Tri 
chostrongylus, and_ still effective 
against Nematodirus 

Mouse Trials.—Fecal Egg Counts.—The 
egg counts within a group were found not 
to differ significantly in males or females. 
The data, therefore, were combined for an- 
alytical purposes. For com 
parison, the post-treatment counts 
were converted to linear lines 
by the method of least squares. The stand 
ard deviation of these regression lines in 
thousands of ova per gram is as follows: 
group 1 (control) 13.7; 2 (coarse 
13.7; group 3 (medium group 4 
(fine) 6.4. This graph 2) clearly 
demonstrates the differential effect of par 


venus worms were essentially all 7. 


variation in efficiency 


intestines, 


less 


purposes of 
egg 


regression 


group 


data 


ticle size on ovogenesis 


4 


DAYS FOLLOWING TREATMENT 

Graph 2—The effect of various particle sizes of 

phenothiazine on ovogenesis in Nematospiroides 


dubius. 
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In order to determine the effect of vari 
ous particle sizes on the parasite, necropsy 
was performed on 1 from each 
group seven days after the experiment be- 
gan. The effect of the treatment on the 
egg forming organs is illustrated (fig. 1 
showing the posterior portion of a typical 
female worm from each mouse. It should 
be pointed out also that the total numbers 
of worms recovered from these mice were 
70, 71, 82, and 72 for groups 1 through 4, 
respectively. These results demonstrate 
the difference between the effect of pheno 
thiazine on the worm per se and the effect 
of the drug on the ovogenie structures. 


mouse 


EFFICIENCY 


OF PHENOTHIAZINI 321 


Total Worm Counts.—-Necropsy was 
performed on all mice on the sixty-first 
day of the experiment. No significant dif- 
ferences were found in the total numbers 
of worms recovered in male and female 
mice nor was any differential effect of phe- 
nothiazine observed on the male or female 
worms. The average number of worms re- 
covered in each group is shown in table 6. 

The observed differences in worm counts 
between and 3 (me- 
dium significant at the 5 per cent 
level, the remaining differences are signifi- 
cant at the 1 per cent level. It should be 
reiterated that the group receiving coarse 


groups 2 (coarse 


are 


Fig. 1—Photomicrographs of the vulvar region of typical Nematospiroides dubius removed from 
the mice on the seventh post-treatment day showing the effect of phenothiazine particle size on 


treatment; (b) 
(d) “fine’”’ 


ovogenesis—(a) no 


“coarse” phenothiazine; (c) 


“medium” phenothiazine; 


phenothiazine 


4 
AG Aa 
a 
4 
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phenothiazine was kept on the drug 21 
days longer than groups 3 and 4. It seems 
likely that had all groups been exposed 
equally, the difference between groups 2 


and 3 would have been even more marked. 


DISCUSSION 


On the basis of the data presented, it 
would appear that particle size of pheno- 
thiazine exerts a profound influence on the 
efficiency of the drug; this is most marked 


TABLE 6—Average Worm Count of Mice 


Worm count Perce 


Treatment (ave.) efficiency 


ntage 


Group 


l Control 
Coarse 
Medium 
Fine 


in the killing effect of phenothiazine on the 
worm. A less apparent but still significant 
difference is seen in the effect of the drug 
In the sheep trial, for ex 
ample, the fine particles were more than 
four times par 
ticles in killing nematodes in the aboma- 
sum and small intestine ; 
fine particles were only about one and one 
half times more effective than coarse par 
ticles in inhibiting ovogenesis. These ob 
servations are supported by the findings 
of Lazarus and Rogers"! who showed that 
phenothiazine could be found abundantly 
in the reproductive system of Ascaridia 
galli. While this of itself does not establish 
a cause and effect relationship, the evi 
dence is suggestive. It may be that the re 
productive organs of many nematodes are 
particularly phenothiazine 
This is suggested by the common finding 
that small, repeated doses frequently re 
sult in complete reproductive failure of 
the female worms. In the sheep trials re 
ported here, it is apparent that a single 
dose of large particles, which were subse 
quently shown to possess insignificant an 
thelmintie activity, was capable of indue 
ing a marked reduction in reproductive 
activity. This would lead to the conclusion 
that absorption by the parasite of pheno 
thiazine, or a degradation product, is very 
small when it is administered in particles 
larger than 140 

Although the action cf phenothiazine on 
the worm is not clearly understood, pres 
ent evidence suggests that the drug enters 
the body through the cuticle rather than 


on ovogenesis 
as effective as the coarse 


by contrast, the 


sensitive to 
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11,12 It would seem logical to assume 


orally 
then that since phenothiazine is relatively 
insoluble in water, and probably also in 
digestive contents, its action on the worm 
is by direct solution from the solid state 
by the cuticle, similar to the phenomenon 
observed when many insects are exposed to 
solid insecticide particles 
Collier, Allen, Swales 
strated that phenothiazine is 
highly insoluble, the rate of absorption by 
the host is partially dependent upon parti 
cle size. The authors showed that 
of phenothiazine in which 80 per cent of 
the particles were less than 4 », 10 per cent 
of the amount was excreted 
unchanged. When a commercial product 


and demon 


because 


in a dose 


administered 


was administered in which 80 per cent of 
per 
of the amount administered was ex 
ereted unchanged. This that an 
optimum particle size would be one with a 


the particles were over 4 p», 28 to 36 
cent 


suggests 


minimal absorption rate by the host and a 
maximal toxie effect on the parasite. This 
further the possibility that in 
addition to eliminating particles 
with low anthelmintic efficiency, a desir- 
able product would also eliminate the very 
small particles which contribute largely to 
the rate of absorption and probably not to 
the over-all anthelmintic efficiency 

A great deal of experimental work is 
required before the phenothia 
zine preparation can be characterized. It 
may well be that an optimum for all 
groups and stages of nematodes does not 
exist. For example, it 
acceptable, to 


suggests 


larger 


optimum 


desirable, 
utilize larger 


may be 


or at least 


particles in prophylactic regimens where 


suppression of ovogenesis is a major 
consideration 
On the 


mittedly very scanty, it 


basis of evidence, ad- 
that the 


most effective therapeutic preparation of 


present 


appears 


phenothiazine would contain particles with 
diameters within the approximate range of 


SUMMARY 


Experiments utilizing natural nematode 
infections in lambs and artificial infections 
with Nematospiroides dubius in mice dem 
onstrated that the anthelmintic efficiency 
of phenothiazine is inversely proportional 
to the diameter of the particles 

Particles larger than 140 » in diameter 
were found to be ineffective when adminis 


0. 
to 2) ph. 
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tered to sheep in a single dose. A prepara 
tion with a mean particle diameter between 
40 and 50 » was 70 per cent effective and a 
preparation with a mean particle diameter 
between 1 and 2 p Was 95 per cent effective 

Phenothiazine incorporated in the diet 
of infected mice confirmed the observations 
on lambs 

It was further shown that suppression of 
ovogenesis in the nematodes in these ex 


periments was also inversely proportional 
to the diameter of the phenothiazine par 
ticles. In the sheep, particularly, this dif 
ferential effect was clearly evident 
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The Influence of Environmental Conditions on the Growth 
and Dissociation of Brucella Abortus 


EVELYN SANDERS, Ph.D. and |. FOREST HUDDLESON, D.V.M., Ph.D. 


East Lansing, 


the Brucella 
has been a subject of extreme interest for 


Investigators have sought to 


COLONIAL Variation i genus 
many 
determine the factors that 
ation and to develop methods to prevent 


years 
initiate dissoc! 


its occurrence 
that have been 
increase the rate of dissociation of Brueella 


and Mg frac 


of normal bovine plasma 


Substances reported to 


are D-alanine,® and 
tions I and V 
It has been noted that dissociation of Bru 
cella is suppressed by normal serums from 
Brucella-susceptible species,’ by y- and cer 
tain #-globulin fractions of normal bovine 
plasma,’ and by sodium pyrophosphate.° 
According to Braun,’ environmental con 
ditions which decrease the growth rate of 
Brucella abortus lower the dissociation per 
centages and the growth rate and viability 
of a variant determine its chances of estab 
lishing itself within a population after the 
population pressure has started. 

In this laboratory it has been observed 
that dissociation of Brucella cells when 
grown in a tryptose medium containing 
glucose in stationary tubes is rapid and 
multiplication of cells is slow. In other 
environmental conditions, dissociation of 
Brucella cells is extremely slow in rapidly 
growing cultures which reach high total 
cell ecounts.'® 

This study was initiated to determine by 
reproducible methods of measurements the 
effect of glucose and other environmental 
factors on the oceurrence of variation in 
smooth and 
Br. abortus 


nonsmooth colonial types of 


MATERIALS AND Mernops 


Cultures Three aerobie strains of Br. abortus 


were studied smooth type, 2308; smooth-interme 


diate, type, 3010; and smooth-intermediate 1336. 


The strains were maintained as pure colonial types 
described by Huddleson 


wert 


on tryptose agar plates as 
Single colonies from the tryptose agar plate 


streaked on liver agar slants and incubated at 57 ¢ 


From the Department of Micrebiology and Publi 

Michigan State 
Journal article No 

Station, East 


Universit Fast Lansing 
1800, Michigan Agr 


ment Lansin 


Vichigan 


ints is 


The gro 0 ‘ 
diluting i 5% 


for 45 hours 


pended in tryptose pepton 
and 0.59% NaCl waned the 


turbidity en 


lensity adjusted to a 


standard milliliters of the liquid 


medium were inoculated with 0.2 m of the cell 


suspension containing 7 viable cells per 
milliliter 

In discussions, smooth (8S) ineludes the smooth 
pes of colonies and nonsmooth 


mueoid M and 


intermediate (SI ty 


(non-S refers to all rough, 
sector types of coloni 


Vedium The base 
tryptose peptone, V.o 


medium contained 2 per cent 
per cent NaCl, and 0.5 mg 
was ad 


after 


hydrochloride per 100 ml. It 
H,PO, to obtain a pH of 6.8 


of thiamin 


justed with 


autoclaving. 


Various substances é dded to the b 


dium. Unless specified, the addition of these sub 


stances was made before autoclaving 


The mediums were distributed in 10-ml, amounts 


in test tubes Isx 15 em 


ind in Erlenmeyer 
flasks (50 mil and ; 


iutoclaved at llo ¢ for AN) 
minutes 
Procedures. The 


with cells of 


mediums, after 


colonial type of Br 


moculation 


pure abortus, 


were incubated at 37 ¢ ind examined in duplicate 


at two-day intervals for eight to 12 days or at the 
end of seven days. 
The total cell count 


was determined turbidime rical 


per milliliter of each culture 
from a standard 
curve and pH was measured electrometrically 

flooded 


Tryptose agar plates were with 0.5 or 


1.0 ml. of each of dilutions of the 
The 
dissociation 
Only 


four to seven 


cultures and incubated at 37 ©. for four days. 


viable cell count and the extent of 


were determined from the colonial growth. 


those plates showing 100 to 600 evenly distributed 


colonies were examined, The to number of col 


colonic 


onies on each recorded and the number 


of non-S determined after staining 


with ar iqueous Olution of ery stal 


decanted 
under a 


the colonies 
violet 1:2000 ihe dye solution is 


and the eolonies immediat examined 


low-power leeted light 


Nonsmooth 
from 8 and SI coloni 


microscope by oblique ré 


colon 


ors produced b 

colors of colonial 
studies 

tose igar 
diameter, 
spot tests 


Smooth 


‘ 
ri ~ 
ere hed from 
O typ identified on try} 
ng to tiuddl hape, 
» col tel criflavin 
ility | cifie serur 
Hlealt! 
Exper let, Var fron i gr ! ‘ to a reddish 
y C280 nd can not listing f inless the 


GROWTH AND 


colomes are adjacent One group 


cold types is seen in various shades 


center with blue to purple border and a 
group in shades reddish 


smooth-mucoi ol show 


second 
purple The sector 


alternating triangu 


TABLE i—The Effect of Agitation and Aeration 
of Liquid Medium on Growth and Dissociation of 
Brucella Abortus S Type 


days in test tubes of 
haken once each da 


through medium 


lar sectors of Rough t 
shades of blue 


shows eracks The m4 


yellow and irple 


colonies are violet: the surface of 


some veral types within each 


related group of mucoid and rough colonies may 


be distinguished only when the agar plate i 


seeded with a cell suspension sufficient to produces 
100 to 200 colonies of 


maximum size; variations 


in hues of colors are not easily detected in small 

colonies 
The 

with erystal violet and all 8S or all non-S colonies 


The different 


each culture 


entire plate was examined after staining 


colonial variations 
noted but at 
made to record the colonial type 


were eounted. 


represented in were 
tempts were not 
of each non-S colony 

In this study it was not possible to distinguisl 


mueoid colonies from 8S or SI 
they 


the employment of the 


certain types of 


types when were widely separated without 


erystal violet staining 


technique. 


RESULTS 


Effects of Aeration and Agitation.—The 
tryptose-glucose-thiamin liquid medium is 
satisfactory for the rapid growth and high 
cell populations of pure colonial types of 
Brucella in large quantities (1 to 6 liters 
only when the medium is agitated or 
aerated with a stream of air or oxygen 
Attempts were made to create similar en 
vironmental conditions in test tubes 

Tubes of inoculated tryptose liquid me 
dium were aerated by shaking once each 
day during the period of incubation (tabl 
1 After seven days, the percentage of 
non-S colonial types arising from the § 
type strain was 42.6 as compared to 74.7 
in an inoculated stationary tube of the 
same medium. More effective aeration of 
the inoculated medium in test tubes 
achieved by passing oxygen into the me 
dium slowly through a 3-mm. glass tubing 
with a capillary tip at the bottom of the 


Was 


DISSOCIATION 


or ABporTUs 


test tube. To decrease foaming, aerosol O.T 
was added to the medium (1 :500,000 In 
this concentration in 
aerosol ©O.T. exhibited no effect on the 
growth or development of variants 
strain 2308 (S After aeration with oxy 


stationary cultures, 
irom 


gen for seven days, less than 0.1 per cent 
of the 
the total 
milliliter 

Effect of Depth of Medium.—The growth 
and dissociation of S and Sl-type strains 


viable cells were non-S variants and 


cell count was 42x 10" cells per 


were observed in tryptose-glucose medium 
in several types of containers chosen to pro 
vide various depths of the liquid medium 
and various surface areas The number of 
cells introduced 
dium was proportional to the 
medium 

In each container of a shallow layer of 
medium (0.8 em.), cell multiplieation of the 
Ss type was rapid and the differential colo 
than 10 per 


into each container of me 
volume of 


nial counts showed less cent 


non-S types after incubation for seven days 
table 2 
em.) the cells grew slowly and more than 
60 per cent of the colonies that developed 
from platings of the medium were non-S 


In a deep-layer medium (3 to & 


types 

The growth rates of the SI strains and 
the appearance of non-S types in the me 
were not sig 
the S 


dium in various containers 
nificantly different from 
strain; an increase in the depth of the me 
dium resulted in less growth and 
rapid dissociation to non-5S types. 
The data in table 2 inelude comparisons 
of growth and dissociation in medium of 
the same depth but of different surface 
areas (50- and 500-ml. Erlenmeyer flasks 
in addition to medium of different depths 
but of the same surface area (125-ml 
pyrex dilution bottles A shallew layer 
not a large surface area, was shown to be 
the important factor in obtaining fast mul 


those of 


TABLE 2—The Effect of Depth of Liquid Medium 
in Various Containers on Growth and Dissociation 
of Brucella Abortus S Type 


Depth of 
ed 


‘ 
related m 
itior 
Stations 
\ t l 
diu and ( nh passed 
continuou able ce 
| 
| 
Pest tut 
Dilutior ott 
tion bott 
Dilution bott ‘ 
é 
Ir ibatior at ‘ 
mediu 
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tiplication and slow dissociation of cells to 
non-S types in stationary containers. 

The rapid multiplication of the cells and 
the low rate of dissociation in liquid me 
dium in 50-ml. Erlenmeyer flasks (depth 
0.8 em.) paralleled the findings obtained 
with cells grown in the aerated 
cultures 

Effects of Various Agents Experiments 
to determine the effect of glucose, fructose, 
and DlI.-alanine in the 
liquid medium on dissociation 
ducted in test tubes and 50-ml 


oxygen 


sucrose, try ptose 


were con 
Erlenmeyer 
The carbohydrates were autoclaved 
in 20 per cent solutions and added to ster 
ile tryptose medium 

The results in table 3 that the 
percentage of dissociation of S-type strain 
after incubation for seven days varied con 
siderably in the presence of the agents but, 


flasks 


show 


in each, the cultures in medium of a shal 
low layer in the flasks exhibited consider 
ably than the 
same medium of a deep layer in test 
tubes. When test tube cultures containing 
Di.-alanine were aerated during 
incubation, little or no 

non-S types occurred, In 
grown in the presence of glucose 
and DI.alanine in test the viable 
cells were 97 per cent non-S types as com 


less dissociation those in 


ven 
dissociation to 
stationary ¢eul 
tures 
tubes, 


pared to 0 per cent in the same medium 
which was aerated (oxygen) in test tubes 
The total cell the cultures in 
stationary flasks or aerated in test 
were always greater than those in station 
ary tubes. 
that occurred in cultures in stationary test 
tubes to which DL-alanine was added was 
far less than that which occurred in eul 
tures in medium containing glucose and 
DI.-alanine 


counts of 


tubes 


test The degree of dissociation 


TABLE 3- 
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Effects of Serum.—Braun ®* studied the 
effect of serums from different species of 
upon the variation of Br 
found that serum from 
COWS completely suppressed dissociation of 
strain 19 and a virulent S type in broth 
cultures. He reported that serum from 
Brucella-infected failed to suppress 
dissociation of the S-type Br 
but did dissociation 
of strain 19 

The effect of an adequate supply of oxy 
the appearance ol 
from S-type cells in the presence of differ 


animals abhor 


tus and normal 


COWS 
virulent 
the 


abortus suppress 


gen on non-S variants 


ent serums was studied briefly. Serum was 
obtained from the blood of a normal rabbit 
naturally infected with 
agglutination titer of the 
bovine 10,000. The serums 
were filtered through a Hormann D-8 pad 
added to the sterilized 
final concentration of 5 per cent 
the 


seven 


from a cow 
The 


serum 


and 
Brucella 
was 1 


mediums to a 
After in 
eul 


were 


and 


cubation of normal serum-broth 


tures for days, no variants 
from the 
than 1 per 
cultures in test 


without glucose 


recovered cultures in flasks and 


less eent were recovered in 
medium with or 
rate of the §S 
rabbit 
serum in either medium in tubes or flasks 
The results observed when 5 per cent anti 
Brucella bovine added to the 
mediums different 


rabbit se 


tubes in 
(Growth 
cells was not normal 


altered by 


serum 


significantly 


was 
was not 


from those containing normal 


rum 

by the anti-Brucella serum. In tubes con 
taining tryptose-glucose medium, only 3.7 
cent variants the 


dissociation of S cells was suppressed 


per were observed in 


presence of the anti-serum as compared to 
75 per cent in the control culture with no 
Rapid growth of S type in glucose 
laver in flasks was 


sertim 


medium in a shallow 


The Effect of Various Agents in Liquid Medium on Growth and Dissociation of 


Brucella Abortus S Type 


Tryptose base 
(ilucose, 1.0% 
Fructose, 1.0% 
sucrose 
DL, alanine, 0.2% 
Dl-alanine, 0.2% 
DI, alanine, 0.2% 
DL alanine, 0.2¢ 


Incubation 


medium 0.8 em 


at ‘ 7 ya ’ prose medi 
through 


im plus 
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the total 
half 


inhibited by anti-Brucella serum 
cell were approximately 
that of the control 

Growth of Nonsmooth Types Five dif 
ferent non-S colonial types derived from 
the S strain were studied to determine 
whether or not certain environmental con 
ditions inhibited rapid multiplication of 
non-S cells. Each of the pure non-S types 
was inoculated into separate test tubes and 
Erlenmeyer flasks containing the base tryp 


counts one 


into ones con 
medium to 
Examinations 
intervals as previ 

table 4 
growth re 
non-S 
Each 


flasks 


medium and separate 
taining the 
added 1 per 
were made at two-day 
described The 
that the same 
was obtained 
with 


more 


tose 


same which was 


cent glucose 
ously findings 
general 
with the five 
the S type 


show 
sponse 
colonial 
non-S 
than in 


types as 
type grew rapidly in 
more rapidly Ih 
medium containing than in 
without However, in the 
medium in test tubes, the total cell counts 
of each of the five non-S types was higher 
than cuitures of the S type. The 
found in the growth of 
surpassed that of the non-S types 


tubes and grew 


glucose one 


rlucose glucose 


reverse 
Was flasks ; the S 
type 

(ther variants arose from the non-S cul 
tures in the presence of glucose in the me 
dium. The number of new variants was 
greater in the Erlenmeyer flasks than in 
test tubes 

Growth of Mixtures of Smooth and Non 
smooth Types.—Iin order to determine if 
the apparent differences in growth of the 
S and non-S different environ 
mental conditions were influenced by the 
composition of the initial inoculum, me 
dium was inoculated with known mixtures 
Type 
In the 
medium 
with 90 


types in 


of cells of a smooth and a mucoid 
and examined at two-day intervals 
tubes of tryptose glucose liquid 
inoculated with 100 per cent §, 
per cent S and 10 per cent mucoid, or with 
15 per cent S and 85 per cent mucoid cells, 
after without agitation for 12 
days, there were 5.0-5.9 x 10° cells per mil 
liliter of which 92 to 100 per cent of the 
viable cells were non-S types (fig. 1 In 
Erlenmeyer flasks, however, the liquid me 


incubation 


dium inoculated with the same proportions 
of cells as mentioned for the test tubes, and 
incubated in the manner, 
20.6—26.6 x 10° cells per milliliter of which 
only 4 to 16 per cent of the cells 
were non-S (fig. 2 No S or SI types were 


same contained 


viable 


AND DISSOCIATION OF 


BRUCELLA ABORTUS 


found in the medium inoculated with 100 


per cent mucoid type cells 

The presence of 10 per cent mucoid cells 
in the inoculum decreased the initial mul 
tiplication rate of S cells in the test tubes 


TABLE 4—Comparison of Growth and Dissocia 
tion of Brucella Abortus S Type with Five Pure 
Non-S Types 


but had no effect on the initial or maxi 
mum growth of S cells in flasks 

The presence of 15 per cent Ss cells Ili the 
inoculum decreased the initial multiplica 
tion rate and total production of mucoid 
eells in but had no effeet on the 


initial growth or maximum number of mu 


flasks 


coid cells in test tubes 

Viable cell counts of cultures in station 
that the maximum 
type cells (O0.2—-04x 
two to four days 


tubes show 
viable S 
occurred after 
These maximums were noted 
cultures in 


ary test 
number of 
10° /ml 
of incubation 
at the same time intervals in 
oculated with 100 per cent S cells, with 90 
per cent S and 10 per cent M, or with 15 
In each of 
those 

the 
cells 


incuba 


per cent S and &) per cent M 


these cultures, and in addition to 
inoculated with 100 per cent M cells 
viable non-S 


after 


number of 
1L.7-2.0 x 10°/ml.) occurred 
tion for nine days. In the culture 
lated with 100 per cent S_ cells, 
crease in the number of viable S cells was 
noted before or at the time that non-S cells 
detected. In all cultures in flasks, 
viable cell counts of S and 


maximum 


mocu 
the de 


were 
maximum non 
S types were noted after incubation for six 
to eight days 

CUSSION 


In the base tryptose liquid medium with 
out test the multiplica 
tion rates of S and SI types of Br. abortus 


glucose, In tubes, 


were slow and unless the cultures were in 


327 
type Contair 
rr ; 
ns t 
Nor t 
Non-S tt 
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cubated for a long time, dissociated types 
evolved only in small numbers. Several 
agents cause an increase in non-S 
from § or Sl-type cells grown in liquid 
medium in test when 
liquid medium of a deep layer in 
The presence of either of two 


cells 
tubes, or grown In 
other 
containers 
age , glucose and fructose, caused an in 
Other 
in the 


crease in the total cell production 
agents, and DI.-alanine, 
concentrations used, failed to influence to 
tal cell production during seven days of 
incubation 


SUCTOSEe 


et al.°:’ demonstrated the tox 
icity of D-alanine for § cells and the ae 
cumulation of this metabolite in liquid 
medium cultures of Brucella. The authors 
stated that the accumulation of 
limits the increase of 
tive § and creates 
favorable for the progressive establish 
ment of alanine-resistant R cells. Accord 
ing to Braun et al.,* the initial proportion 
of a given mutant in a mixed population 
will determine the ability of the mutant 
to establish itself because of quantitative 
differences in alanine production and selec 
tive value of alanine-sensitive cells. 


Goodlow 


alanine 
viable alanine-sensi 
environment 


cells an 


The dissociation of S and SI types of 
Br. abortus can be prevented or greatly 
reduced in the presence of any of the pre 
viously mentioned agents by increasing the 
supply of air or oxygen to the growing 


AND | 


Forest 


cultures. This was accomplished by agita 
tion, with pure 
growing the cultures in a shallow 
liquid medium. It 
Lose glucose liquid 


aeration oxygen, or by 
layer of 
was shown that in tryp 
medium in. test 
depth of medium 5.5 after 


tion for 12 days, the cell population was 


tubes 
em incuba 
97 to 100 per cent non-S types, irrespective 
of the ratio of S to the 
lum; in comparable cultures in Erlenmeyer 
flasks (depth of medium 0.8 em.), the cell 
population was only 4 to 16 per cent non-S 
types 


non-S in inocu 


The growth conditions which favor sta 
ble S and SI also suit 
able for rapid multiplication. Total cells 
in the and glucose 
numbered 
the total 
of sucrose or 


colonial types are 
presence of 
20-30 x 10° per milliliter 
number of cells in the presence 
DL-alanine not differ 
from that obtained in the control cul 
At the same time, 


while 


Was 
ent 
tures in a shallow layer 
neither of these agents caused an increase 
in dissociated types in cultures in a shal 
layer than 1 
types of cells were found after seven days 


low less per cent of non-S 
DL-alanine in the liquid medium does not 
alter the enhancement of growth of Br 
abortus by glucose. In the presence of 
two dissociation of S cells 
was rapid in medium in test tubes: after 
seven days, 97 per cent of the viable cells 
were non-S types. In the medium in Erlen 


these agents, 


99) 


j 


Fig. 1—The percentage 
of nonsmooth colonial 
types of Brucella abortus 
in tryptose-glucose liquid 
medium in test tubes. 


i 
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Days incubated at 37° 
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meyer flasks, however, there were only 7 
per cent non-S types 

Braun ' found that the ‘‘ dissociation in 
dex’’ of Br strain 19 in a daily 
disturbed population was much lower than 
the index of the genetically 
identical population left undisturbed for 
ten days He reported that the total num 
ber of cells after daily disturbance 
than the number in equally old 
previously undisturbed cultures. The 
growth accounted for 
by temperature changes to which the dis 
turbed cultures were subjected when they 


abortus 


dissociat 1On 


Was 
smaller 
but 


differences in were 


were removed daily from the ineubator for 
streaking, and the lower dissociation index 
was a result of less growth. 

Goodlow et al mentioned briefly that 
different were when cul 
tures were maintained in tubes, flasks, bot 
tles or when static or aerated cultures were 
used. It stated that the 
such differences were somewhat 
but could be with the 
quantity of the surface area, 
which controls the available oxygen 

It has in this study that 
adequate oxygen in a liquid medium per 
mits S cells to multiply rapidly and with 
little or no non-S cells in 
the utilized (glu 


cose presence of 


results obtained 


was reasons for 
obseure 
associated ratio of 
mediums to 


been shown 


dissociation to 
of substances 
the 
DL-alanine 


presence 
fructose), in 
utilized 


and 


substances not and 


DISSOCIATION 


ABORTUS 


OF BRUCELLA 


the base 
Adequate oxygen facilitated mors 
utilization of and frue 
altered the accumulation of met 
abolic products in thi There is 
mith 


ana 


sucrose), or in try ptose peptone 
medium 
complete glucose 
tose and 
medium 
that oxygen 
Di.-alanine 


a comparable it 


no evidence, however 
ated 


Crosse 


utilization ol 
multiph 
S cells oecurred in medium 
flasks 
these agents was added to tryptose peptone 
Therefor 
essential for the rapid and con 
S cells and 


cation rate ol 


in shallow layer in when neither of 


medium an adequate supply of 
oxygen 1s 
tinued multiplication of when 
supplied, eliminates the effects of toxic sub 
stances in a culture 
It has 


eoncentration in 


high 
medium does not 
conditions for rapid 
Pure cul 


rapidly 


that a 


liquid 


been shown 


oxygen 
create unfavorable 
growth of non-sS types of cells 
cells 


of tryptose glucose liquid 


tures OF non-S types ol vrew 
in shallow layers 
medium ; total cell production in a shallow 
layer ol 
yreater 


When 


yrowinyg 


from 2 to 6 times 


a deep layer of 


medium was 
dium 


than in 


Ss type cells and non-S 


liquid medium in a 


shallow layer in stationary cultures 


together in 
there 
is a marked depression in the multiplica 
tion rate of non-S cells. This finding par 
allels the depression of growth of S cells 
in cultures in test tubes in the presence of 


non-S types. The agent or agents responsi 


Fig. 2—The percentage 

of nonsmooth colonial 

types of Brucella abortus 

in tryptose-glucose liquid 

medium in Erlenmeyer 
flasks. 
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ble for the suppression of growth of non-S 
cells has not been determined. 

In this discussion, non-S types of cells 
have been considered as a group and have 
been compared and contrasted to 8S and SI 
types as a There is evidence that 
variants which from non-S types 
vary in susceptibility to the accumulation 
the of other 

variants. After five pure 
non-S types of random were in 
oculated in the mediums and incubated for 
eight days, the cell populations were found 
to vary from 100 per cent of the original 
type to 90 per the 
type inoculated into the medium 

Percentage viability (No. of viable cells 
total No. of for all 
conditions studied tubes, 
flasks, 


rapid dissociation 


group 


arise 


of substances in 
non-S 


presence 
each of 
selection 


cent new variants of 


was calculated 
cultures in test 
conditions of no or slow dissociation, 
The range of viability 
with 


ceils 


was wide but could not be correlated 
rates of growth or with dissociation. In 
general, the viability in test 
about 45 per cent of the total cell popula 
tion and in flasks about 55 per cent. Cul 
with pure oxygen were low 
Viability of cells grown 
fruetose, or 


tubes was 


tures aerated 
est in viability 
in the 


siierose 


presence of glucose, 
medium in test 
different from that found in the base tryp 
The presence of DL-alanine 
value 


course of 


tubes was not 
medium 
resulted in a low 

In the 
lot of tryptose 
noted that 
this lot of agar 
entiated by their 
and, when stained with erystal violet, the 
colonies failed to develop their usual char 
The new lot of tryp 
tose agar contained thiamin hydrochloride 


Lose 
these studies, a new 
was employed. It 
type 
readily 


agar 
non-S 
were not 


colonies on 
differ 
characteristics 


Was 


colonial 


acteristic colors 
which was proved to be responsible for the 
altered appearance: of non-S variants. Sin 
gle colonies transferred from the thiamin 
agar to standard tryptose agar appeared 
normal and developed characteristic colors 
when stained with erystal violet. Stand 
ard tryptose with thiamin added before 
autoclaving produced non-S colonies with 
the same appearances as colonies grown on 


the new lot of tryptose agar 


SUMMARY 
The and SI 
Brucella abortus in liquid mediums can be 
prevented or significantly lowered by an 
adequate supply of air or oxygen to the 


dissociation of S types of 
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culture 
tation, by aeration 
growing the cells in a 
medium 
sucrose, or DL-alanine in liquid medium 


This can be accomplished by agi 
with oxygen, or by 
layer of 
The presence of glucose, fructose, 


shallow 


in test tubes increased the dissociation of 
Ss types of Br abortus, but in the presence 
of these agents in a shallow layer of me- 
dium in Erlenmeyer flasks, there was little 
dissociation observed 

The growth 
stable S and SI 
suitable for rapid multiplication of those 


which favored 


ty pes 


conditions 


colonial were also 


cells and also for non-S colonial types in 
the absence of S types 
lated with mixed cell populations, however, 


the growth of non-S types of cells was sup 


In cultures inocu 


pressed in a shallow layer of medium 
The results of this study show that the 
which 
liquid 
important as me 
prevention 


atmosphere and conditions under 


cells of Br 


mediums 


ahortus are grown in 
factors as 
the 


of dissociation 


tabolites in causation and 
Furthermore, it is not 
the 


dissociation 


pos 
influence of metabo 
considering 


which 


sible to evaluate 


lites on without 


the atmospheric conditions under 


the cells are multiply ing 
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Physiological Characteristics Differentiating Vibrio Fetus 
and Other Vibrios 


C. D. KUZDAS, M.S., and E. V. MORSE, D.V.M., Ph.D. 


Vadison, 


Vibrio fetus is the etiological agent of a 
of cattle 
sheep and of cattle 
Vibrio 


encountered 


abortion in and 


enzootic sterility in 


type mntectious 


jeojune and Vibrio suis are spirilla 
cattle 


metse ave 


in dysenteries of and 


swine, respectively Vibrio 


intestinal, cholera-like infee 
A number of 
morphologically 
isolated from 
of cattle and 
both cattle 
similar to if 
have eul 
human patients 


produces an 


tion in fowl unidentified mi 
similar to 


the 


V. fetus, have been 
urogenital tract 
intestinal tract of 
Rec ntly, organisms 
identical with V. fetus 
tured the blood of 
with endoearditis, placentitis, and from a 
cheek pustule in man 

Investi ve 


rected 


POs 
terior from 
the 


swine 


and 
not been 
from 


efforts 

toward eluei 
ind 
ittempts hav been mack 


the 


ilmost exclusively 


transn ion, diagnosis, therap of 


vibrio Some to cha 


stematically issif vibrios 


the 


acterize 
group, eltus has reece 
The studies of 


fetus 


volved 


most erutiny Price et al indi 


ente that | does not produce indole, usually 


reduces nitrate, and fails to grow in nutrient gela 


tin medium (Baltimore Laboratory 


Vibrio f 


Biological 
demonstrable acid 
glucose, 
inositol, and 
fetus strains, 
the 


isolated 


tus does not produces 


in mediums containing lactose, sucrose, 


maltose xylose, mannitol, sorbitol 


They 
grew in 


which 
Three 


from bo 


also report that some V. 
milk, 


inrelated 


litmus reduced litmus 


serologicall strains 


vine semen and vaginal mucus produced hydroget 


sul fice 
stated there 


ind Frank that 


ty pes of 


appeared 


wo distinet vibrios of genital tract 
made on the basis of the 


sulfide tests: 


Distinetion 
and 
l the 


was 


origin 


catalase 


hydroge n 


catalase positive and hydrogen 


negative ty which as considered to be 


icteristie 


Wise 


tive type whieh 


ise Of abortion and infertilit 


indicated that 
there was little or no relationship between 
kor 
ing physiological studies were condueted 
There and continued for 
further the differentia 
tion of members of the 
that means be de 


Serological studies ‘* 


the two types this reason, the follow 


is a definite need 
mnvestigations on 
pathogente renus 


It is equally Important 


veloped to distinguish between the patho 


and potentially pathogenic forms 


from the saprophytic 


venic 


vibrios found in soil 


and water 


cultures 


were employed in the 


stock 


ture tubes 


cultures 


TABLE 


4 
positi i nat ecriminated 
n enttle 
‘ 
EX PERIMI M 
Sixty-six mgm of vibrios of divers 
investigation (table 1). The 
i1—Vibrio Culture Collection 
ved tl 
4 
short fet ‘ and 
Vibrie fetus iborted fetuses 
‘ not incrin nated 
‘ abortior and 
nfertilit 
Vib fet Ilumar kK nzent, I 
lavr France nd 
Kir (pe 
Vibrio entery (K. 1 
Mar ind 
ATC 
to be twe ‘ 
mais tat 
CC. Cane Kat 
Cit M 
mummen: Vibrio fetus and naba Department of M 
the negative nd hydrogetr lf ty raity of 
Ogawa Department 
Microbiolo 
} rt nt of ter Scler 
neatu race 69 
199 ed t ppr of ¢ 
hy ne AT mae olat 
tion ar fr the RK irch Committee of t ( sdluat 
. f a tricklis 
School from fund ro the onair \lume 
Keseare! Foundatior 
D Morse n the Department Microbiolog 
und) Healt { State rsit Fast Commur able 
Lar Culture ¢ tior 
| 


broth (Albimi)® 


hence 


proximately 15 ml. of Brueella 
This medium 


semisolid 


containing 0.1 per cent 
forth 
Stock 
ture for Vibrio perecolans 
and at 17 ©. for the other 
incubation was 24 to 48 hours 

Cultures 24 to 48 hours old 


following phy siologi« fii 


agar 


will be referred to as medium 


cultures were ineubated at room 


Vibrio 


vibrios Duration of 


tempera 


and rubicundus 


were used as inocu 


lums in all of the activits 
Adequate 
for the test procedures 

Production of Hydrogen Sulfide 
15 mil. of 


screw -Cap tubes 


examinations, controls were maintained 


Approximatel 


semisolid medium were dispensed ir 
Whatman No 


which were soaked in a saturated lead acetate 


1 filter-paper strips, 
solu 
inserted in the 
sulfide 


dried, and sterilized, were 


test for 


cultures 


tion, 
tubes to 
The incubated 
A darkening of the lead 


hours was considered evidence 


evolution of hydrogen 


were aerobieally at 37 ¢ 


acetate strips after 7 

of hydrogen sulfids 

production 

After five days of ineubation 

cultures, 1 mil of a 
U.8.P 


immediately 


Teast 


semisolid 


Catalase 
of the 
per cent hydrogen peroxide 


medium 
solution wa 
tube and inverted 


dispensed in each 


occurred, as evidenced 


bubbles, the 


positive 


If peroxide decomposition 
by immediate and rapid evolution of 
considered catalase 
of Nitrates 


sodium 


strain 

Reduction 
taining 0.1 nitrate was employed 
to test for The 
incubated for five days and then a-naphthylamine 
added to deteet 


wie 
Semisolid medium con 
per cent 
cultures were 


nitrate reduction 


and sulphanilie acid wer nitrate 
reduction.” 

tested 
which 


factor 


Activity The 
Christensen’ 


Urease organisms were 


upon urea medium slants" 


contained the additional aecessory growth 


per liter 


Nicotinic aeid mg 
Thiamine HC) 
Calcium pantothenate 0.2 mg 
Pyridoxal HC! 
Magnesium citrat: 
FeCl 

MnCl, 


Biotin 


1.0 mg 


10.0 mg 
50.0 mg 
0.5 mg 
0.5 mg 
5.0 wg 


48-hour 


streak 


A standard loopful (ea. 5 mm. dia.) of a 
broth 
the surface of each urea medium slant. 
with the of known 


strains or species, were incubated for one week in 


old semisolid inoculum was used to 


Urea slant 


cultures, exception aerobic 


oor 


an atmosphere containing 225 mm. of mercury of 


air and 475 mm, of mereury of helium.” Another 


set of medium slants was inoculated with 2 


loopfuls of the 4-day-old growth of Vibrio from a 
agar (Albimi)® slant 


same conditions as described. 


urea 


incubated un 
The 


evidenes 


Brucella and 
der the 


were examined daily for 


slants 
seven days for 
of growth and pH change of the medium 
Milk Fresh, 
Litmus solution (20 Gm, of 
distilled 


medium 


Action in Litmus unpasteurized 


skim milk was used 
dissolved in 100 ml. of 


added to give a 


powde r 
filtered 


litmus 


water and was 


Mors! 


lavender color A ppre 
dium were dispensed it 
inoculation, paraffin 
plugs 
Ineubation 


inserted cotton 
moisture 
examined periodic: 
Indole Production 
pe rformed by 
The 


after ineubatix 96 


using Gor ind 


ires were 


Gnezda.” 


tested hours, 


and 7 days 


Liquefaction Gelatin 


cent agar as well 


tin (Difeo 


a8 semisolid 


containing 0.1 per 
and 4 per 


whether 


medium containing 


cent Bacto gelatin were to aseertair 


cultures were able to quef gelatir The ul 
tor to determine 
solidify after 


months 


tures were refriger 


placed ir 


whether or not the gelatir ould 
incubation for periods a 
Concentratio of {aa the Cult 
Fetu Related or I 
Fluid f im broth A] 


Bruee!ll otl containing 


long as three 
Optimum 
and nrelated 


vation of Vibrio 


Vibrios in a Bruce 
and 


cent, 0.075 per 


bimi 
O.020 per cent, 0.1 
per cent, 0.2 ! ind O.4 yp 
cent agar were he eoneentr 
tion of agar 


type 


necessar growth 


optima 


semisolid mediur | observations 


visible growth were mad seven das 


cubation at 37 C 


pH 7 olerance 


was added to 


under aerobie condition 
Hvydrochlorie 


semisolid mediums 


acid or 
hydroxide 
hvdroger ion eoneentratior 


crease or decrease the 


rmination expressed 
made at pH 
rhe 


ineubated ; ) 37 for 


respectively. Toleranes 


as evidence of visible growth, were 

4.9, 5.4, 6.0, 6.5, 7.5, 8.0, 

cultures were 

two weeks. 
Dextrose Tolerance Semisolid medium to which 

was added various percentage amounts of dextrose 

The 


screw-cap tubes and sterilized in the 


was employed. mediums were dispensed in 


autoclave for 


15 minutes at 11 Ib. of pressure Following in 


oculation, the cultures were aerobically 


and observed periodical! for growth during a 


period of two weeks 
Chloride 
containing various 


Tol 


percentage 


Sodium Semisolid medium 


ance 
amounts of sodium 


was used to determine the salt tolerance 


different 
l-liter 


chloride 
of the 
pared in 
the lost moisture 
tilled The 


tically in approximately) 


vibrios. The mediums 
flasks 


with 


were pre 


volumetric and sterilized; 


was replaced sterile, dis 


mediums were 
15-mil 


incubated aerobically 


water. dispensed asep 


amounts in serew 
cap tubes. The cuitures were 
at 37 C. and observed frequently for growth during 


a period of two weeks 


RESULTS AND DiIscussION 


from 
from 


isolated 


Sixty-six Vibrio cultures 


lower animals and man as well as 


soil, water, and cheese were studied 
Eight cultures produced hydrogen sul 


' 
D. Kuzpas anp E. V. ‘. J. Ver. Res 
imate of this me 
J tubes and sterilized. After 
is | ired ove the partially 
it 37 C. The tubes wer 
iu ng or mont 
The test for ind 1s 7 
ct. , 
2 
3 


‘ 
4 
1 
‘ 

= : >| : -| ‘ 

> 
> 
/ 
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isolated 


fide 
from 


These 


genital 


been 


had 


tract or 


table 2 

the bovine 
and had not incriminated as 
causing abortion and infertility in cattle 
The eight cultures and one human patho 
did not produce 
vibrios have 
mucus 
cultures 


bovine 


semen been 


Catalase 


from 


yen catalase 
isolated 


bull 


showed 


positive been 


bovine vaginal and 

catalase reactions except for Vibrio comma 
and V 
light 


water 


semen 
remaining vigorous 
sed only 
soil, 


metschnikovuw which 
10S 


were 


posse . 


activity isolated from 


and cheese also catalase posi 
This finding leads 


advi ability of 


tive one to question the 


identifying isolates from 


the bovine and urogenital 
tract as J 


production alone 


ovine posterior 


felus on the basis of catalase 
The reduction of nitrates may be a phys 
which 


vibri s 


ological aciivity might be used to 
differentiate the 


from bo 
and the 
reproductive tract, and from the vibrios as 
with cattle 
while 


isolated 


and ovine aborted fetuses 


sociated intestinal disorders of 


rhe 


the latter does not 


former group reduces nitrates 
Vibrio vie fschnikor 17 AS 
well as the soil and water vibrios (V. cune 
and V 
nitrites 

Because of the fastidious growth require 


ments of V 


alus rubicundus) do not reduce 


nitrates to 
fetus, certain vitamins and 
added to 
to obtain best possible con 
ditions for growth. Definite 
was observed within twenty-four hours for 


minerals were Christensen’s 
urea medium 
urease activity 
V. cuneatus, V. percolans, V. rubiceundus 
V. tyrogenus and lesser activity within 
seven days for the strains of V 
The other cultures 
after seven days appar 
ently may be utilized to differentiate these 
vibrios from the common animal pathogens 


comma 


were urease negative 


Urease activity 


of the genus 
Except for V 
kovw all 
tive. Seven cultures produced reactions in 
litmus milk (table 2), but V 
lated Vibrios from the bovine 
tract of cattle, as well as the hog dysentery 
Vibrio, displayed no discernible 
Bergey and Price '* report no growth of 
V. fetus in nutrient gelatin 
Laboratory Growth was not 
when cultures of V. fetus 
inoculated in Bacto nutrient gelatin; 
when 0.1 per cent 
this medium supported moderate to good 


and V 


Vibrio cultures were indole nega 


comma metschni 


fetus and re 
urogenital 


change 


Baltimore 
Biological 
obtained were 
how 
was added, 


ever, agar 


KUZDAS AND E. V 


Morse 


Except for 


cond, 


growth of all vibrios examined 
V. metschnikovn, Vibrio cuneatu 
tyrogenus, and two strains of V 
Vibrio did not 
It was thought that the 


ency of the fluid medium sustained a grow 


cultures liquefy gelatin 


increased consist 


ing imoculum at optimal microaerophilie 


conditions 
Twenty-nine of 4:8 eultures of 


ovine, bovine, and human origin grew op 


containing 
had 
medium 


semisolid mediun 
ifteen 


comparable growth in 


timally in 
Q.075 per cent agar cultures 
semisolid 
with either 0.075 per cent per 
while 


eent 
four culture ore best when 
cent It 
of 0.1 per 
for this 


agar, 
the agar concentration wi per 
appears that agar cor 
cent or O.OT5 per cel mptimal 


conditions for 


particular medium 
luxuriant growth are 


Since round optimum 


amount ir Wa re mamta 


Vibrios in Se 


litmus 


mean per cent agar 


was added (jrowth was ob 
tained for 48 J cultures, eight re 
lated Vibrio cultures from the bo 


vine unrogenital tract of cattl catalase 


isolated 


and 


sulfide positive 


negative, hydrogen 
Vibrio isolated 
All these cultures produced a distinct al 
zone of 1 to 6 ale pth 
the 
125 mm. by 


one eulture from a hog 


kaline mm. just 
tubes 


This 


“a complet 


below meniscus (in screw-cap 
20 mm after 4% 
followed by 
remaming, 
after 96 
Again it appeared that 
produced 


hours 
development Was 
reduction of the previously 
unchanged litmus hours of in 
cubation at 37 C 
the addition of 


environmental 


agar optimum 


conditions for growth of 
Vibrios in a fluid medium 

The optimal temperature for growth was 
37.C. for all Vibrios except J 
and V. rubiceundus which had a 
to 30C. The highest 
which would permit growth of most Vibrios 
to 45 ¢ 
V. gejum (C. C. 
while V 
V. cuneatus, 

Animal pathogens of th 
hydrogen sulfide negative group 
by visible 


The catalase negative 


pt TCOLANS 
range ol 


temperatures 


strain of 
unnick 

jegunt (A.T.C.C,), 
did not 


were llowever one 
errew nt 
percolans, V 
and 4} rubicundus 
vrow at 
Catala positive 
could be 
cultivated, as indicated vrowth, 
at 
sulfide positive group isolated from bovine 
did not 
Visible 


hydrogen 


mucus and bovine 


DC but did at 20 C 


vaginal 
grow at 


semen 


a 
PI 1956 
provided 


((HARACTERISTICS OF 


growth was observed for V. metschnikovu, 


V. cuneatus, V rubicun 
dus, at 5C. On the basis of growth at 5 C., 
15 C.. 
or types could be made 

Vibrio cuneatus, V 


the Vibrio 


sheep, 


pere olans, and V 


and differentiation of species 
percolans and 24 ol 
from cattle 


produc ed 


cultures isolated 


and man visible 
growth in semisolid medium at pH 5.4 at 
37 C. for weeks. All the Vibrio cul 
tures grew at pll 6.0 except for V. jejuni 
A.T.C.C which could be cultivated at 
pH 6.5 but not at pil 6.0 Vibrio comma, 
V. metschnikovn, V 
and 
whereas the two strains of J jejvunt, five 
ot } felus 


five cultures of the 


swine, 


two 


cuneatus, V perco 


lans, fyrogenus grew at pli 


culture ovine origin) and 


Catalase negative, hydro 
gen sulfide positive vibrios grew at &.8. A 


the vibrio cultures grew at pH 8.4 


Vibrio cultures in semisolid medium, int 
1 6.9 
produced a terminal pH range of 


after two weeks of incubation 
6. No differentiation among species 

or types was evident 
Differentiation among the Vibrio cultures 
isolated from cattle and sheep on the basis 
of their ability to grow in a semisolid me 
dium containing different amounts of dex 
table Was not possible except Tor 
A.T.C.C. No. 11734 
than the 2 per 


Vibrio and | 


trose 


V. jejuni which grew 


at no higher cent sugar 


concentration cune 
atus had abundant growth in semisolid me 
per 
The data show no apparent differentiation 
from the 
tract of cattle or sheep based on dextrose 


dium containing 15 cent dextrose 


of vibrios isolated reproduet ive 
tolerance 


Vibrio fetus strains of bovine, ovine, and 


human origin (catalase positive, hydrogen 
sulfide negative) could be cultivated in the 
presence of a maximal coneentration of 2.5 


per cent sodium chloride. The hog dysen 
tery strain, J 
and one strain of V behaved 
larly. Vibrios isolated from bovine 
mucus negative, hy 


drogen cultivated 


pe rcolans, V. rubicundus, 


vaginal 
and semen catalase 
sulfide 
with ease in mediums with sodium chloride 


3.9 per cent higher 


positive were 


concentrations of and 


Single strains of V. jejuni, V. comma, \ 
and V 
cent sodium 
Sodium chlo 


growth offers an 


metschnikovun, V. cuneatus, tyro 


also grew in 3.5 
chloride 
ride 
additional 


species and ty pes 


genus per 


semisolid medium 
tolerance during 


means of differentiating Vibrio 


V IBRIOS 


The data on the physiological and growth 


characteristics of vibrios of diverse origins 


are summarized in table 2 


SUMMARY 


activities and 
cultures of 


nonpatho 


Certain physiological 
characteristh of bb 


both 


rse 


vrowth 
Vibrio, 
genic, ol 
] All 
except for the 
were 


pathogenic and 


origin, were studied 
were catalase positive 


Vibrio 


from bovine 


cultures 


eight strains which 


isolated vaginal 
and 
human origin 
y The 56 strains of J fetus of 
Vibrio 
trains of V. comma 
Two 
metschnikovu, | 
reduce 


us 


and semen one strain of J fetus of 


diverse 


origin, on train ol isolated from 


how, and two were 


ol 
rubi 


nitrate to nitrite 


Ite Positive Strains 


cuncatus, and 
cundu did hot 


All 


tive except for | me 


Vibrio cultures were indole 
tschniko an 
strains of J comma 

In litmus milk 
agar, all J fetus and related organ 
within 48 hour All 
produced a distinet 


While the 


comple 


containing O.1 pet 
cent 
ism howed growth 
66 culture alkaline 
urtace urftace al 
isted 


zone at the 
kaline reduetion 
of the 


hours 


Zoe per 
remaining litmus occurred after 96 
cuncatus, percolans, 
and | ( 
urease: the 


rubicundus, yrogenus, oni 


possessed the enzyme remain 
ing cultures did not 
(growth 


without liquefaction of a 


modified nutrient gelatin medium was ob 
tained for all V 


i Avgat 


or 0.075 per 


fetus and related culture 
concentrations of 0.1 per cent 
meditim 


related 


cent in a semisolid 


are optimal for V. fetus and 
organisms 

Separation of 
Vibrio could be 


ability to 


he 


types ol 
made on the basis of 
at oC 15 ¢ 

maximum temperatures for 
strains of J and related 
were 40 ¢ The 
growth of J 


ol 
thei 
grow and 20 ¢ 

growth of 
felus organism 


minimum ei 


perature tor fetus was ] »( 


Vibr 10S 


isOlated from bovine vaginal mu 


bovine semen (catalase negative, h 


drogen sulfide were not cultivata 
ble at 15¢ 
20) C 

9) All 
tion of J 
visible 


justed to pil to pil 


positive 


whereas growth occurred at 


Vibrio 


pun 


the « 
sho ved 


medium 


eulture vith 


growth in 


| 
| 
4 
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10) Vibrios isolated from the reproduc 
tive tract of cattle and sheep could not be 
differentiated by their tolerance of added 
dextrose in semisolid medium 

11) Sodium chloride during 
growth offers an additional means of sep 
(cata- 
negative ) 


tolerance 
arating various strains of V. fetus 
lase positive, hydrogen sulfide 
from those of Vibrio sp. (catalase negative, 
hydrogen sulfide positive) of bovine origin 
Vibrio fetus strains did not withstand 3.5 
per sodium chloride concentration in 
mediums while the related Vibrio sp. grew 
well 
Vibrio 
positive, 
unable 
medium 
chloride 


cent 


be defined as catalase 
sulfide negative, 
initial 
per 


fetus can 
hydrogen 
grow on 
containing 3.5 


and 
in 
sodium 


to isolation a 


cent 
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